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I. Introduction 
Purpose of the thesis 
The ordinary layman, when entering upon the subject 
of production, usually conjures in his mind a picture of a 
huge, highly mechanized mass production line. This is an or-
dinary reaction since the bulk of American industry operates 
under this principle. It is because of this fact that there 
is little mention of the job order type of production. Con-
sequently it is the purpose of this thesis to try to bring to 
light the operating procedures and policies in a job order 
shop which manufactures it 1 s product directly for customer's 
orders as opposed to a process or mass production shop which 
manufactures mainly for stock. Prior to any further elabora-
tion on the characteristics of the job order shop, which will 
constitute the main body of the thesis, let us determine the 
importance of production control and the part it plays in in-
dustry. 
Need for Production Control 
The basic need for a smooth flow and control of pro-
duction and the dependance for ultimate success placed upon 
it can best be illustrated by forming an analogy in which pro-
duction control in a factory may be likened to the nervous 
system in a human body. Human beings have the ability to move 
and accomplish intended results but all this would be futile 
unless the muscles received nervous impulses telling them to 
start activity. Once activity has been started these nervous 
impulses must continue or else the various movements will not 
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be coordinated with confusion as an end result. So it is in 
factory work. The body in this case is the factory complete 
and equipped for production. Yet, without production control, 
not one move is made. Unless the different functions are co-
ordinated by a system of control, confusion and ultimate chaos 
will result. 
Through this analogy I hope the reader can visualize 
the complete dependance of a successfully operating plant on 
a smooth flow of production within the plant. Let us now, in 
order to bring the picture into a clearer focus, examine some 
of the definitions and terminology which will be used through-
out the remainder of this thesis. 
Definitions and Terminology 
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The following definitions are those which have been 
commonly accepted for usage in most factories. Although the 
terminology is not standardized by any set of rules it will 
readily apply to the majority of cases and consequently will 
suit the purposes of this thesis. The 11production department" 
is the name commonly designated to that department which carries 
out most of the production control functions. A more detailed 
discussion of these functions will be treated in the next sec-
tion. In some companies this department is called the 11 plan-
ning department," in others the "production planning department" 
but, no matter what title is applied this department is created 
to perform the functions of production control which is descr-
ibed by Ralph Currier Davis as 11 the control of the order, extent 
and manner of application of those factors entering directly 
into the production of goods".* The factors to which Davis 
refers are three principle factors in productio~ namely men, 
materials and machines. 
Routing in the majority of plants and especially 
in the job order shop is referred to as the process of decid-
ing what operations shall be performed to make a part, incl-
uding the type of machine and machine attachments needed and 
the sequence of operations. 
Planning is the first big step to be undertaken by 
the production control department. This function usually in-
cludes the original routing, checking up on the availability 
of machines, materials, tools and equipment. Once these pre-
liminary steps have been taken and the necessary factors are 
on hand it is the job of the production control department to 
schedule the flow of production. 
Scheduling embodies the work of fitting the specific 
order into the stream of production so that the necessary 
labor, machines and materials will be available when needed, 
and ultimately determining a 11 due date 11 for the customer to 
receive his order. Dispatching merely refers to the actual is-
suance of the orders formulated during the scheduling process. 
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Finally, to complete the list of necessary definitions, 
*Davis, Ralph Currier, Principles of Factory Organization and 
Management. New York & London, Harper Brothers, 1928. 
we shall take a brief look at the job order shop. A job order 
shop is one in which many small lots of goods are being pro-
duced simultaneously. These lots are referred to as 11 orders 11 
. whether they have been ordered directly by a customer or the 
order has been requested from the finished stock department 
to replace those sold. These orders vary in form, quantity, 
in materials and operations called for, and in many other 
respects. The type of manufacturing employed in a job order 
shop is aptly called 11 intermittent11 since each bunch or lot 
of goods must be kept seperate from every other. Each lot 
is assigned a consecutive number and an individual account is 
set up for each order by the cost accounting department. The 
next section deals with the specific functions of the produc-
tion control department. 
Functiomof Production Control 
There are countless variations in methods of pro-
duction depending mainly on the industry and the size of the 
company, but the fundamental principles are applicable in 
nearly all industries. The scope of this thesis will dwell 
on all of these but it will suffice at this point to merely 
make a list of these major duties or functions as follows: 
1. Receive orders for products from the sales 
department. 
2. Determine finished parts needed. 
3. Determine materials requirements. 
4. Maintain a raw materials stockroom 
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5· Determine the operations required. 
6. Determine machines and machine attachments. 
7· Determine the sequence of operations. 
8. Make up production orders. 
9. Make up production schedules. 
10. Make sure th~t all facilities for production 
will be available. 
11. Assign jobs to particular men and machines. 
12. Issue instructions to produce (dispatching). 
13. Control of materials transportations. 
14. Receive progress reports and evaluate performance. 
15. Replanning when original plans are not carried out. 
16. Initiate remedial measures when original plans 
are not carried out. 
17. Control finished parts stock room. 
18. Control finished products stock room. 
19. Answer requests from sales department concerning 
delivery dates. 
20. Make estimates of cost of new jobs.* 
These functions listed above are not a complete list according 
to a comparison of lists compiled by various experts in the 
field, but they are those basic operations which in performance 
will include or coordinate with other departments to perform 
* Moore, Franklin G., Production Control. New York, London 
& Toronto, McGraw-Hill, 1951. 
such functions as time-motion study, wage rate setting and 
methods engineering. These will receive only brief mention 
throughout the remainder of this thesis since we are concerned 
primarily with the flow of production and not the complete 
internal workings of the plant. 
Production Control Procedures in the Job Order Shop 
The previous sections have dealt primarily with the 
subject only in general terms. It is the aim of this section 
to present a bird 1 s eye view of the procedures involved in 
the control of production in the job order shop by following 
11 
a typical customer's order through the factory. 
Making the sale--The first step is taken by the 
sales department in securing prospective customers. It is 
the job of the sales force to get the facts, that is, the 
required specifications for each individual order. These facts 
are then sent to the home office where preliminary plans are 
made and an estimate of cost is submitted. If this estimate 
is accepted by the customer a final order is sent in to the 
general office. The customer's order is now finally approved 
for credit, is checked for accuracy of description, prices and 
extension, and is given an order number which will serve as 
an identification throughout the shop. 
Engineering-- The order is now turned over to the 
engineering department which will develop the preliminary 
sketches (step #1) into a detailed bill of materials with sup-
porting drawings in which each part is accurately specified 
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as to dimensions, materials and finish. 
Stock check-- The bill of materials now goes to the 
inventory control department where a stock check is taken to 
ascertain whether the desired quantity of materials are on 
hand. If they are, the specified amount will be apportioned 
on the records to fill the order. If any of the desired stock 
is not available a purchase requisition is sent to the purchas-
ing department. 
Routing-- The bill of materials and blueprints now 
go to the planning department where shop orders will be issued 
for fabrication of parts which are not in stock. At this point 
a detailed list of operations is made out. This list is called 
a route sheet. It is made out for each individual part and 
usually includes such information as the time each operation 
is estimated to take, the necessary machine attachments and 
in some cases the piece rate for the job. 
Scheduling-- Now that the detailed route sheets 
(operation sheets) have been made up it is necessary to give 
each order a specific date of performance arranged so as not 
to conflict with orders already in process in the plant. The 
separate processes used will be discussed more fully in a 
later chapter. 
Dispatching-- This step merely involves the mechan-
ics of the order being given to the proper man for performance 
on the date scheduled. 
Production-- Now that all the preliminary steps have 
been attended to, the actual operation can be performed with 
reasonable assurance of immediate availability of machines, 
tools, and materials. 
Follow-up-- The order cannot be forgotten once it 
is 11 in process 11 • The 11 follow-up 11 department must see that 
each operation is completed on time, and that all 11 snags 11 
and tie-ups in production are ironed out. In some instances 
the delay may necessitate complete rescheduling of the order. 
Shipping and billing-- The completed, inspected 
product is finally transported to the shipping department. 
This department will have a list of the orders to be shipped 
and the delivery date. As each order comes in it is packed 
and a 11 packing list11 showing each item included is enclosed 
in the package. The shipping notice, which affirms shipment 
of the order, is turned over to the billing department which 
will prepare the customer 1 s invoice, retaining one or more 
copies and sending one out. Finally, the amount of the in-
voice is posted to the customer 1 s account by the accounting 
department. Upon payment by the customer his account will 
becredited and the cycle is complete. Figure I illustrates 
how these individual steps are combined and correlated to 
produce a smooth flow of production. 
Problems Inherent in the Job Order Shop 
There are many problems which appear in order con-
trol which are inherent in it 1 s make-up. Consequently, since 
they cannot be eliminated entirely, they must be considered 
13 
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as steps in the process of manufacture. These problems are 
considered as a component part of order control since thev 
do not appear as such in the normal "process control" of 
production. In order to more clearly illustrate the ~Joint 
let us examine a few of the more common problems '.Vhich must 
be handled by companies which produce in job-lots. 
The first problem to be met is that of adapting 
product desicn to production design. As is often the case, 
when producine; for special orders, ne·,1 products (or variations 
of standard items) are ordered every day. In the case of a 
new product the planning deoartment usually receives from the 
engineering department a desi(\n order and a bluenrint of the 
new Droduct. Contained .in this order and bluenrint will be 
a list of the parts necessary (bill of materials), the toler-
ances and quality standards desired, and any specifications 
as to performance expected. If a''Y of the requirements a;Jpear 
unreasonable from a manufacturing standpoint it is the job of 
the planning department to call this to the attention of the 
engineering department so that the necessary alterations and 
revisions can be made. 
Once the product design has been adapted to oroduct-
ion design a second problem immediately arises. It must now 
be determined what manufacturing facilities are available and 
which procedures are to be used. Where the product is ne1~ an 
analysis of the design must be made to determine which parts 
should be purchased and which manufactured. This decision 
15 
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will, of course, depend largely upon the relB.ti ve cost invol-
ved and upon the available facilities (tools, ma.chinery, equip-
ment, etc.). If the material required differs from that us-
ually purchased, or if the decision has been made to buy some 
finished parts, the planning department must see that the pur-
chasing agent is so informed and is given a requisition auth-
orizing the purchase of the material desired. 
Now that the two preceeding problems have been met 
it becomes the duty of the production control department to 
prepare cost estimates for each individual order. Since each 
order is different in a job order shop, this presents a prob-
lem since there are no similar items on which to base cost 
figures. Consequently, there is a danger of overestimating 
or underestimating costs since they can be determined only by 
comparing costs of similar operations in previous orders. 
This preliminary data having been compiled it now 
becomes the task of the planning department to prepare a pro-
duction order. This order essentially authorizes the manu-
facturing departments to make the material of the type and 
quantity designated, and to draw the necessary raw materials 
and tools. These departments must be furnished with the 
information needed to make the material including blueprint 
numbers and a list of specifications. Other forms may also be 
required of the planning department such as route sheets, 
identification cards, work orders for each department or 
operation, material withdrawal slips, tool requisitions, move 
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tickets, inspection tickets, and time-and-cost recording cards. 
The most important job assigned to the production 
control department in a job order shop is that of scheduling 
the individual production orders. If scheduling is poorly 
organized the end result will be broken delivery dates and 
customer dissatisfaction. Orders are filled in terms of their 
priority. Oftentimes a rush order will be fit in ahead of 
schedule, but the evil underlying this practice rests on the 
fact that too many sales executives form the habit of marking 
11 rush11 on practically every important order. 11 Rush 11 orders 
should take preference only over orders which are being manu-
factured for stock. It is obvious that a great deal of de-
cisive action is required which frequently results in bad re-
lations between sales and production personnel. Consequently, 
the production officer must be somewhat of a diplomat also. 
When a customer places an order it is the usual 
procedure to give him a provisional delivery promise as to 
when he may expect his order. An intelligent delivery promise 
must take into consideration the backlog of orders already on 
the books that must be produced ahead of the order in question, 
the length of time necessary to procure materials, tools, and 
equipment required to start manufacturing, and the length of 
time normally required from the first operation until the last. 
Finally, it is the duty of the dispatchers and the 
follow-up men to see that plans are carried through and that 
they adhere as closely as possible to the schedule. It is 
very important that work is not overscheduled because when 
that happens the planning department will usually try to 
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11 cover up" their mistake by ordering the follow-up department 
to get the order back on schedule. This is practically im-
possible, and as a result, 11 promise delivery dates" are broken. 
This very often results in customer dissatisfaction and loss 
of sales. It is obvious, therefore, that the quickest way 
for a scheduling system to 11break down11 is for the planning 
department to overestimate production capacity. 
II. Production Forecasting and Estimating 
~ for Forecasting 
To control production effectively and to produce 
economically all companies, whether they produce for stock 
or for specific customer's orders, must know what output 
will be needed during a future time period. In order to 
arrive at, at least, a proximation it is necessary to fore-
cast future sales and production. Thefurecast of production 
stems from the sales forecast. The company must produce, or 
prepare for production in the case of a job order shop, only 
the number of items that can be sold by the sales department. 
Planned production which exceeds the number of customer's 
orders received will result in idle labor equipment, and 
machinery and conversely production plans which fall below the 
actual reception of orders will result in failure to meet de-
livery dates and, as a consequence of this, loss of customers. 
Although a job company, because of the nature of 
the work done, c~~ot accurately estimate future production 
it is important, for reasons enumerated in the following sec-
tions, that they estimate whether over-all production will be 
greater or less than in previous years, by considering the 
factors that apply. 
Sales Forecasting Related to Production Control 
Before a production control procedure can be estab-
lished, the production control department must know how much 
the sales organization plans to sell of the product. Tlilly 
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should also have some idea as to when these sales are going 
to require delivery. As a rule the sales organization is 
not the most reliable statistical analyst in the world. When 
orders are "easy picking" salesmen are incurable optimists. 
Conversely, when competition tightens the marl~et these same 
salesmen are among the leaders in predicting disaster. So 
there must be some managerial control established to convert 
these extremes of opinion into a workable manufacturing opera-
tion. It is for this reason that today there is an increas-
ing trend for management to assign forecasting to the produc-
tion control department. In some companies the approved fore-
cast becomes the schedule for operations. An article in 
11Jviodern Industry" describes, in four steps, hov1 a forecast 
can be translated into a work order. 
1. The first step is to prepare a sales forecast 
based on past sales and economic trends. A new tv1ist to fore-
casting is given by a large drug manufacturer. Aware that 
sales departments are given to optimism, this company made 
market research a responsibility of the production depart-
ment. Forecasts are passed on to the sales department to 
adjust for sales campaigns and advertising. 
2. Second step is to align the sales forecast 
with the companies general inventory policy, and produce a 
manufacturing schedule. The schedule, showinc; at a glance 
how many machine-and-man-hours are going to bo used in any 
given period of time, is the basis for setting up the desired 
inventory. Tlus makes it possible to apportion work more 
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evenly to avoid unnecessary shutdowns and overtime. 
3. Third step is to draw up materials-require-
ment sheets for the manufacturing schedules for use by the 
purchasing department. Purchasing agents, however, can't be 
expected to follow them slavishly. They must be allowed 
leeway to take advantage of bulk buying for lower prices and 
freight rates. 
4. Fourth step is to prepare work orders (after 
purchasing has been alerted about required delivery dates) 
assemblies and parts needed, as well as sor.:te spares, are 
covered by the work order. The spare time allowance will 
usually include both parts to be stocked for repairing 
equipment sold to customers, and allowances for waste in 
manufacture.-::-
\ 
All companies must attempt to forecast their 
future business whether they manufacture to customer's 
orders or to stock. If manufacture is to order, forecasts 
are only for major over all planning as it relates to pros-
pective employment, machine needs, and financial require-
ments. Consequently, this chapter shall be concerned chiefly 
with estimating future production output. 
Forecasting 2£ an Economic Scale; General Business Outlook. 
In order to make long term plans it is necessary 
for management to keep an eye to the future as it concerns 
an economic vie11. This view can either be local, state 
;:-"Keying Inventories to Production", Modern Industry, 
August 15 1 1949, p. 86, 88. 
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wide, regional, national or in some cases on an inter-
national level. Few businessmen are able from their 
position within an industry to make an accurate forecast 
of future business conditions. Consequently, many rely 
on several professional services available to business 
and industry which analyze conditions and make forecasts. 
A short listine; of a few of the more pron:inent in this 
field are: 
l. Babson's Statistical Organization 
2. Brookntire Economic Service 
3. Moody's Investors Service 
4. The Iliplinger Washington Agency 
5. Standard and Poor's 
6. Me Gill's ConJntodity Service 
7. Harvard Economic Society 
s. The A..'llerican Management Association 
9. LaSalle Extensio~ University 
All of these publish monthly or weekly periodicals 
and analyses. Also a wealth of information with respect to 
the economic status of the nation can be found in Federal 
government bulletins published by: 
l. The Economic Advisory CoQ~cil 
2. The Department of Corr.merce 
3. The Federal Reserve Board 
4. National Industrial Conference Board 
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Manufacturing companies and other businesses 
usually make use of all those sources of information, as 
well as any other sources which throw light on conditions 
in their own industries. The company adds all pertinent 
information collected from the outside to all that is 
available within the company. Usually there are two valu-
able sources of ini'ormation within the company. Current 
information coming in from salesmen and distributors comes 
first. A great deal can be learned from company representa-
tives about conditions in their territories. The company 
records of past sales are a second internal source. A 
study of such past sales records permits trends and seasonal 
variations to be determined. 
To be of value in company operations, all the data 
available, including professional forecaster's reports, must 
be analyzed and translated into a forecast for the company. 
Many companies express their own forecasts for perhaps a year 
ahead, although shorter periods are occasionally used. The 
forecast will be expressed in a suitable measure whicll is 
applicable to the particular business whether it be in terms 
of dollars or tons. In this form the forecast is very use-
ful to management as a guide to policy making. For instance, 
expansion or contraction of operations may be foreseen and 
planned for. Inventory levels, budgets and financial require-
ments can also be planned. 
Forecasting Particular Product Demand 
This type of forecasting is carried on extensively 
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in a "process" shop which manufactures on a continuous basis. 
A job-order shop is not confronted with this problem since all 
orders are not manufactured until the orders are actually 
received. Only in purchasing of basic raw materials, which 
are requirea for every variation of the iteB which the plant 
produces according to requested specifications, is the job-
order shop concerned with forecasting product demand. 
Methods of Estimatin,g Future Output 
The v1ork involved in preparing estimates for the 
manufacture of a new product is an essential function of 
production control. When a new product is developed or, in 
the case of the job-order shop, when a new variation of an 
old product is ordered, the production control department is 
usually asked by the sales department to estimate the cost to 
manufacture the product. Job shops usually work from the 
drawings and specifications of their customers. Before bids 
can be submitted for new v10rk it is necessary to estimate the 
labor, materials, and overhead for each part. These estir:l-
ates are used for different purposes and the degree of accu-
racy required depends on the purpose of the estimate. 
Estimatine; Labor Costs - Labor costs per hour vary 
in different districts but the amount of labor used per unit 
of product varies tremendously within similar industries. 
L. F. Alford and J. E. HannUlll in an article in "Mechanical 
Engineering", cite the instance of a petroleum refiner who, 
in a national survey when he found that he was usinc; 224 man-
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hours per unit of product when his best competitor was using 
only one man-hour for the same unit of product was no longer 
in doubt of the reason he found it difficult to compete." 
Equipment, methods, and supervision are all important factors 
in the efficient use of labor and the relative costs per man 
hour may be secondary. Sor:te of the factors v1hich greatly in-
flucence labor cost shall be listed briefly below: 
1. Effect of methods - Before anyone can estimate 
the amount of labor required he must knov1 how the job will 
be done. 
2. l.le.chine performance data - All production 
machines should be numbered and a separate card kept on file 
for each one. These cards should list essential dimensions 
of each machine to show what range of work can be handled. 
Also, speeds, feeds, and productive rates should be listed 
in tabulated form. 
3. Skill - The ~~ount of skill required of the 
worker, that is, the t:ype of labor required to perform a 
tasl:, can have a great deal of influence on the final cost of 
any product especially in cases where labor is a lare;e per-
centace of total cost. It generally folloV/s that the greater 
the skill of the worker the greater will be his price and 
ultimately the greater the labor cost. 
m•L:easuring Operating Performance by the Eilo-J.:an Hour",-
L.P. Alford and J.E. Hannum, J,:echanical Engineering, 
Volume 54, No. 12, p. 821. 
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4. Rush Orders - Labor costs can be duly inrlu-
enced by work which must be rushed to completion. There are 
many ways in which goods may be produced raster, such as 
increasing the 9roducti vi ty of the machines, insta].ling 
better methods, increasin:::; the effort of each employee, in-
creasing the number of hours worked per wee]{ with overtime 
pay, and adding more workers for the rush jobs. l.!ost of 
these ways, however, are subject to the law of dininishing 
returns. If they are carried too far the economic gain is 
exceeded by the econouic loss incurred in tryint~ for the 
gain.~~ 
Estimating I1:aterial Costs - Haterial costs are 
estimated by the gross length, area, or weight of material 
used per unit of product. This may be deternined for pre-
vious estimates which have been made for ti1e sar.1e or very 
similar products. However, since estimates may differ 
slightly either way from actual production figures it is 
better to consult the records for the amount of material 
used in the past for similar jobs run in the plant. When 
estimating material cost allowance must always be made for 
waste and scrap. In any stamping or pressing operation 
there is bound to be a great deal of marr:;in scrap which 
must be allowed for in the original estimate. 
Estimating Overhead Costs - Usually only the factory 
cost is considered in making cost estimates. 7his consists of 
~'F.L. Eidmann, Economic Control of Engineerinr:; and Manufac-
turing, He Graw-Eill, 1931. 
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the material and labor (prime cost) plus the factory over-
head. The factory's share of the total overhead usually 
includes the entire cost of owning the factory building, 
machinery and equipment. Such charges as depreciation, 
interest, maintenance, heat, light, power, janitor service, 
and all the other services and costs required to keep the 
building and equipment in first class operatinc condition 
are items in the overhead cost. In addition the factory 
burden includes its share of the cost of usinc the facilities 
of the administration building and personnel. These afu1inis-
tration charges may be distributed by the accounting division 
in many ways, but each department must carry some portion of 
them. Some materials may be charged in the overhead for indi-
vidual departments. The presence or absence of such indirect 
material charges may make a large difference between over-
head charges from one department to another as set by the 
accounting department. 
Secular Trends 
A secular trend is a long term change in business 
activity. The productive system in the United States is 
dynamic, not static, and this secular trend for the whole 
economy has been increasing as a result of population in-
creases and the rise in the standard of livirl[;. Considering 
only this upward secular trend of the overall economy most 
companies can expect their sales continually to show slight 
increases. In considering how the secular trend might affect 
a company's sales the company should first try to discover 
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the overall trend for the industry, This information may be 
obtained from trade association data or goverru<10nt compila-
tions. The trend of the individual company must then be 
figured from the past sales records of the company, By 
considering both of these factors the trend of the company 
within the industry can be approximated, If the company's 
secular trend has been following that of the industry, it 
can reasonably be expected to continue that way. But if 
the company's trend is in the opposite direction from that 
of the industry, a study should be made of the company's 
competitors who are increasing their sales. 
Seasonal Fluctuations 
Seasonal fluctuations are changes in volume of 
sales due to climatic conditions or to holiday buying. The 
problem confronting the manufacturer of an item with sea-
sonal variations in sales is that to utilize best his work 
force and equipment he should produce at an even rate through-
out the year and yet produce the correct quantity of each 
style if the item is subject to a style change, 
Although in a job-order shop production is mainly 
to customer's order with a minimum being manufactured to 
stock, if the product is seasonal in demand the production 
control department must pay heed to seasonal fluctuations. 
By foreseeing this demand schedules may be maintained so 
the necessary equipment, labor, and space will be available 
to accomodate this extra load, This extent of this extra 
load can best be dete~Tiined from past sales and production 
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records. This also effects the purchasine; department since 
arrangements must be made for extra deliveries at the desig-
nated time. 
Cyclical Fluctuations 
Cyclical fluctuations are the wavelike fluctuations 
that indicate the expansion and contraction of b~siness. Past 
history shov1s that there have been successively good and bad 
periods for business and that the occurence of these periods 
has a rythmical character. Although the cycles are rytr~ical, 
there is no definite time between respective high points and 
respective low points. The history ofdher countries shows 
that business cycles have also affected their economies." 
The phases of a business cycle are usually referred 
to as expansion, recession, contraction, and revival. Some 
stimul~s makes companies desire to expand their production 
rate; in order to do so they buy more equipment and put more 
men to work. '.Tnen many companies acting under the stimulus 
do the same thing, the cumulative forces start the expansion 
phase of the cycle on its way. This expansion distorts the 
price structure and increases the profit rJargin because manu-
facturing costs, such as labor, do not rise as quickly as 
selling prices. As the costs rise and are correlated with 
profit, the expansion rate slows dovm and finally halts. 
This is the turning point, at which the recession phase be-
gins. Recession is characterized by selling activity in the 
>:Willard Thorp and W.C. i•Iitchell, Business Annals. Hew York, 
National Bureau of Economic Research, 1926. 
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market and the decline of prices. This is soon followed by a 
lack of production and rising unemployment. The price struc-
ture changes, because the selling price falls faster than the 
costs, and profits become losses. Confidence in business de-
creases generally. The contraction phase of business is no 
longer present. Prices finally stop fallinc; when over-expansion 
of inventories are eliminated and the demand for new goods to 
replace worn-out items begins. This initiates the revival 
period, and as the cost price relationship is corrected opti-
mism revives and cumulative forces improve the situation. 
Then expansion begins again in the manner that was previously 
indicated. This is the pattern followed by the business 
cycle.':· 
It is obvious that this pattern affects all manu-
facturing concerns whether they are job-order shops or con-
tinuous process companies. Consequently, since all are 
affected by it, top managenent must keep -::ell informed as 
to the current situation and formulate long ter~1 production 
plans accordinely. 
Relationship of Production Forecasting to Production Control 
The relationship of forecastinc; to production is 
obvious fror~ the procedure outlined in this chapter. The 
complete chain of closely related functions in production 
control such as product development, plant layout, purchas-
ing, material handling, routing, scheduling and dispatclung 
':"F.R. Faircluld, E.S. Furniss, and N.s. Buc£1, Elenentary 
Economics, The lilacmillan Company, New York, 1948. 
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is dependent upon the production forecast. General ?Olicies 
regarding expansion, contraction, plant layout, product 
change, product development and different sales techniques 
are all based on the results of forecasting both sales and prod-
uction. A company should not give up production forecasting 
with the thout;ht that it is really just guessine; at production 
possibilities. Although one hundred percent accuracy in the 
production forecast can very seldom be attained, nevertheless, 
forecasting is the essential initial step in future planning 
for any company. 
Swmnary 
It is obvious from what has been said above that 
in a job-order shop forecasting cmmot be performed in 
specific terms. It must be performed on a general overall 
level based on future business outlook and econonic condit-
ions. Planning for job-order production cannot begin with a 
sales forecast giving the number of items that may be sold 
in a planning period. Tho production scnedule will include 
only those items that have act-u.ally been ordered by customers 
and will not be based on sales estimates, as it is when 
manufacturing to stock. 
Another difference is in the mac~ne-load cr~rts. 
~nen manufacturing to stock, load charts are prepared in 
advance of production for the period. In job-order produc-
tion, orders are loaded on the chart as they are received. 
Similarly, department schedules are not made for a complete 
production period but aro prepared and authorized after 
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customer orders are received. Personnel schedules also can-
not be worked out in advance; additional help is hired as 
schedules for orders on hand indicate an actual need. Budgets 
generally have to be flexible, based on the general tonnage 
or dollar forecast, but adjusted to the actual current rate 
of activity. 
Aside from minimum balances of basic materials 
used in filling almost every order, there is no procurec;1ent 
schedule in job-order production, as there is in manufacture 
to stock. The breakdmm of each bid or estimate shows its 
material requirements. Requisitions for materials go out 
only after the customer's order has been confirmed. 
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III Product Development 
Need for Product Development 
Product development may simply be defined as the 
continuous improvement of old products and the development 
of new products. Although, strictly speaking, it does not 
come under the realm of production control, nevertheless in 
a job company, because of the vital part it plays, it cannot 
be overlooked. Having the proper product to manufacture is 
a prerequisite to any system of production control, and so 
v1e must consider it here before the actual mechanics of rout-
ins and scheduling are discussed. 
In a job company the product development group is 
extremely vital because it translates a customers general 
ideas into a specific product. Also, in a job company, 
cor,;plete development is done only on products that have been 
contracted for and for which there is no worry of sales 
potential. In brief we may s=arize the need for product 
development under the four following headings: 
l. To stay abreast of or lead competition-For a 
company to prosper it must not lag behind it's conpetitors in 
placin£3 a pleasing useful product before the customer. To be 
truly successfu~ a company should try to lead the field in 
this respect although this is not always necessary. If a 
compa;1y does not ens age in product develop1:1ent it is almost 
inevitable that it's product will become inferior to that of 
competitors and it will lose its share of the market to them. 
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2. To meet changing consumer demands-Tlris is true 
especially in those industries where the style factor is 
high. Also, as years pass, even in a fairly stable product, 
the customer demands more from the product. So;ue of the 
external factors which may influence consumer's demands are 
(1) changing customs of daily living (2) consumer stress on 
comfort and luxury and (3) changes in the price structure 
or consumers wages. 
3. To create customer desire-Product development 
in industries where style factor is high may create a demand 
which is above replacement der:1and. Thnt is, above the demand 
created by the actual physical deterioration of the product. 
4. To utilize better production capacity or distri-
bution facilities-When a company is not fully utilizins its 
plant or machines overhead cost remains practically the sa;:1e. 
Consequently by improving the product or developing a new 
product to increase the demand management may utilize the 
excess capacity thus reducing the per units overhead and in-
creasing profits. 
Stages of Product Development 
Product development is, in its basic form, a system 
of research. These are two distinct types of research, namely, 
pure and applied. Pure research deals with basic sciences 
(physics, chemistry, etc.) wi-:tile applied research deals with 
the solution of a specific problem. In outlininc the product 
development procedures I shall refer only to those Ylilici-:t apply 
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to a program of applied research. The procedure used by most 
companies embodies five steps, namely, (1) the creation of the 
idea, (2) evaluation of the idea, (3) functional designing, 
(4) testing the product and (5) production designing. Let us 
study each of these in detail: 
The ide~The first stage is necessarily the idea 
which the rest of the program carries through to completed 
form. This primitive ideamay be "forced" or original. To 
illustrate, a customer may re.quest that a product having 
certain specifications and capable of certain feats be de-
veloped by a company. This is in turn turned over to the 
product development groups. This is an example of a forced 
idea. That is, the idea did not originate within the product 
development group. The idea is merely presented to them and 
they are obliged to conform. An original idea is one that is 
the result only of the work of the product development group. 
Since in a job company, they are dealing with specific con-
sumer wants there is greater stress on the product development 
group since they must produce to meet the continually changing 
demands of customers. Consequently, they are in a position 
where forced ideas are presented constantly. 
Evaluation of the idea-Since the demand for the new 
idea or product originated with the customer there is no need 
to evaluate the marketability of the product. Therefore, the 
evaluation procedure in a job company is twofold, the first 
part being the possibility of successful development and 
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secondly the cost of development. In reference to the former, 
the idea itself may have merit but the successful development 
of it into a product might prove extremely difficult with 
little chance of success. Raw materials may not be available to 
complete the order in the designated length of time, or the 
plant may not be able to handle the product because of its size, 
design, or other physical qualities. Ideas with an extremely 
small chance for development will either have to be re-evaluated, 
if the circumstances warrant it at a later date, or abandoned 
entirely. 
The latter, namely the cost of development, is the 
final consideration that must be made by the evaluating commit-
tee. If the expected cost of developing the idea into a product 
is so large or if the prod"cJction costs will be so high ·that 
profits will not materialize on the order then it should be 
abandoned. Also, even if the production costs are reasonable, 
we must consider the size of the customer's order. It may not 
be feasible to produce an order of insufficient volume even if 
the production costs are sufficiently low. In some cases where 
the incoming order is not large enough it would not be practical 
to consider even the first stage of evaluation. 
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Functional design-Functional design involves develop-
ing an idea, which has been approved, into a rough model of the 
proposed product. It involves engineering a product th~t funct-
ions as it should. Often the functional designing group considers 
styling also. 
Functional designing necessitates first making a rough 
sketch of the proposed product to give a rough idea of its shape 
and the parts necessary to accomplish its purpose. 'Yhen tlle de-
signer feels that he has a rough sketch of a device that vfill do 
the job, he makes drafting room sketches of the individual parts 
in correct dimensions. After completing all the individual draw-
ings, he makes an assembly drawing. This assembly drawing, to 
scale, is made from the dimensions given on the individual part 
drawings. The assembly drawing indicates to the designer whether 
or not all the dimensions are correct and if they will fit to-
gether in the space allowed. Once he is satisfied that his dimen-
sioning is correct and that the product should function correctly, 
he has some experimental models made from the prepared drawings. 
In this brief explanation I have implied that one man does all 
the designing. This may be true in a comparatively small project 
but, of course, the number of men working on any development 
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project depends on the complexity and the desired speed of develop-
ment. 
Testing the product-Before progressing to a production 
design, the models of the proposed product must be thoroughly 
tested to make sure that they will function properly for a cer-
tain time period and under various conditions. To illustrate, 
the product might first be given a "life" test. Accordingly the 
product is subjected to normal wear under normal operating con-
ditions continuously until it breaks down. Once this occurs the 
breakdown is thoroughly investigated to see if it can be elimin-
ated or the life of the product prolonged by the use of substit-
ute materials, parts or processes. Anothertest usually given is 
a "rough usage" test whereby the product is subjected to con-
ditions not normally encountered in normal usage under normal 
conditions. Some of these are extremes of temperature and humid-
ity, dropping the product, vibrations, unusual applications, etc. 
Whether this testing is carried on within the plant 
depends mainly on the size, facilities available, and importance 
of product development in the individual company. Consequently, 
many companies have extensive product testing facilities, while 
companies that do not have their own testing facilities patronize 
commercial laboratories which specialize in evaluating products. 
Production design-After the product has been tested 
to determine if it is functionally correct, it must be checked 
to see if design changes can be made that will effect economies 
when the item is produced, but will not affect the functional 
operations or detract from its popular styling. For instance, 
if there are a few holes on the surface of the product, it 
might be possible to make them by the cheaper method of punch-
ing instead of drilling. At this point, engineers familiar 
with producoion methods and machines concentrate on redesign-
ing the product to simplify the manufacture, but not alter 
the functional design so much that the product no longer oper-
ates successfully. In carrying out production design any 
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special tools, jigs, or fixtures needed in production should 
be noted and their designing carried out by the tool design 
group of the engineering department. 
Finally, when the product or new model has been 
redesigned to make the production simpler and cheaper, pro-
duction can begin. But, more tests have to be made at this 
point. Production models must be tested to make certain 
that the changes made to facilitate production have not 
affected the functional design so as to make the product 
inoperative. Also by testing the first production models, 
the accuracy of the production process and the tools can be 
checked. If the product teats satisfactorily, the product 
development c~ be considered successful. 
Relationship ££ Product Development to Production Control 
Product development, although not a part of pro-
duction control itself, is closely related to production 
control. The product development program, and particularly 
production design, is the background for the routing phase 
of production control. In carrying out production design, 
the engineers continually ask how the product is to be 
made and design it in the light of its manufacturing pro-
cedure. The routing phase of production control determines 
the same answers. In considering how a product should be 
designed a routing sheet should be made out indicating what 
machines are to be used. Then the product can be designed 
to make the operations on these machines as simple as pos-
sible. Sometimes the product can be designed to eliminate 
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a few operations and thus certain machines also. Eliminat-
ing some operations makes scheduling much simpler, because 
there are fewer machines upon which the item must be sched-
uled in order to produce it successfully. Dispatching is 
made simpler because there are fewer machines upon which 
to dispatch a particular item. The production control pro-
cedure itself can be simplified greatly by considering 
futt>re production control problems during product develop-
ment. By considering the routing and the production design 
together the best possible solution can be arrived at to 
minimize production costs. 
The product development group is also responsible 
during production design for preparing the engineering draw-
ings. These drawings are the backbone of production control; 
no operation can be done without these drawings to work 
from. In order to route a particular item the engineering 
drawings must be available for the people routing to see 
what operations are required to turn out the item. From 
these engineering drawings it is possible to estimate how 
long it should take to do each necessary operation; this 
is the basis of the scheduling group's work. They must 
know how long it will take to do each operation to be able 
to do any scheduling at all. The dispatching function in-
cludes giving the worker the necessary drawings to work 
from in his particular operation. It is essential that 
the drawings be abailable for the worker before the actual 
dispatching of that operation to him. The product develop-
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ment group must have these drawings available for the pro-
duction control department. Because of the relationship 
between product development and production control there 
should be excellent cooperation and coordination between 
the two groups to minimize successfully production costs 
on each item. This coordination is also necessary to 
provide proper service to the customers, to have the de-
sired product ready for them when they want it• 
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IV Pre-planning Required in a Job Company 
Authority to Manufacture 
Because a factory needs to m3.ke what will sell 
and to avoid making what "Till not sell, all production 
must be specifically authorized. The production control 
department plays an importcmt role in authorizing manufac-
ture since it serves as a medium through which information 
and authority pass from the sales department to the factory. 
In acting as this medium, however, the production control 
department acts as more than a mere forwarding agent. It 
is here that a process of translation and expansion take 
place. 
As orders come in from the sales department they 
are for finished products. The production control depart-
ment must translate these orders into the numerous orders 
·to do particular operations which the factory must have. 
orders for finished units mean little to the producing de-
partments. Thus, we have the information which must be 
furnished by the production control department. Secondly 
they must furnish the factory with the authority to man-
ufacture. Until orders come from production control, the 
producing depcrrtments have no aut:·wri ty to proceed to make 
products. On their own they have no authority to take raw 
materials and make them into specific products. If they 
did, they would make too many of some i terns and not enough 
of others and loss would undoubtedly result. 
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Consequently, we might say that, for all practical 
purposes, in a job-order shop the production control depart-
ment gives orders directly to the producing departments. How-
ever, before instructions for the plant can be drawn up, the 
production control department needs more than mere authoriza-
tions. It needs considerable information about each new order 
and must have an extensive permanent file of information about 
materials, operatlons, productive capacity and the like. 
Production Authorizations 
The different orders which come in every day to 
the production department are important sources of infor-
mation. From these production authorizations we can get a 
description of the products, quantities desired, completion 
dates and naturally, the order number. This information 
applies only to the order upon which it is written and does 
not apply to future or past orders. Future production in the 
job company is always based on a continual flow of new orders 
and not on files of past orders. 
This information is used to make up a "variable 
master" sheet. A variable master sheet is a form on which 
information concerning the order is put and from which it 
is transferred to the various factory directives when they 
are made up. A typical master plan of work contains the 
following information: 
1. The order number. 
2· The kind and quantity of products wanted. 
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3. The date the products are wanted. 
4. Other data pertinent to the order. 
The variable master form is not to be confused 
with the master bill of materials or the master route sheet. 
It does not contain any information concerning the opera-
tions to perform or what parts to make for assembly products. 
Bills of Material 
The second type of information needed for job 
companies is the bill of materials. Bills of materials 
are of two kinds, master bills, which are permanent records 
of the kinds and quantities of parts needed for job-lot pro-
ducts, and order bills which are orders for the factory to 
make specified products. The master bill of materials 
(Fig.II) contains the following information: 
1. Description and order number of the product 
(also in some cases the product of which this 
specific order may be a compoent part.) 
2. The component parts identified by name and part 
namber. 
3. The quantity of each part needed to make one 
complete ~oduct. 
4. Such additional information as is necessary 
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(ex: the source of the part listed, whether it is 
purchased or manufactured within the plant, draw-
ing numbers, pattern numbers, casting numbers, etcl 
""' .... 
ORDERING SPECIFICATION FORM 
CUSTOM~R _____________ _ 
P.O. NO. ______________ DAT~ 
STANDARD 
LEAD TIME l POSTED INVE;TO. R~ AVAILABLE r--COMPLETE J .... __ 
BUILD SCHWUL~-UNITS-AV~RAG~ 
------ll W~EKL Y BASIS: 
SU~r 
SP~C. 
NO. 
T DATE I OF 
SPEC. 
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UNIT SPEC. 
TYP~ NO. CHANG~D: A: by D: ~~bY~---
CONTRACT 
NO. 
PRIORITY 
_____ NO·-------ll 
SAL~S 
ORD~R DAT~ 
A/ PURCHAS~D PARTS 
by: VENDOR -As Shown 
Special -Deviation from Standard 
NO. TOTAL 
PART NO. PER THIS 
UNIT ORDER 
Q.3D8s 4 
o-3$ 1 
BB-lD 1 
DC-10. 0022 
zLs7P JJ(1 
VC-17 
-
FA-15 1 Q-6f; . 3 
r-m-14 1 
rro-11-1 l ~ 
z6B8P · 2 
MA-10 2 
CA-'0 2 
D-60 2 
FB-12 2 
HB-3.0 1 
MD-12-1 1 
miHid: BA-.SL 1 
MB-16 2 
RC-12 2 
6s-M .02 
DB-12-A .7497 
DB-12-Y .. 7497 
ac-1o-y • .shl4 
SA-U 1 
QhDB-1 2 
~7 2 ' 
vc-14 
-
vc-18 
-
vc-a> 
-21;1 1 
Q98DS 1 2 
FB-S6 1 
Form OSF-101 
TOTAL 
ON ORD~R 
B/ COILS by: Sigma -Coil Winding _& Pur. 
PARTS 
* 
~ecial Deviation from Standard 
..... NO . TOTAL V) 
PART NO. PER THIS 0 
a. UNIT QR()ER_ 
PB-1o-2X 2 
JA-ll .0038 
JA-Jk .001.$ 
PB-10.2 2 
I.&-11- 2 
m- .07.S 
DB-12-A-4 l/2 2 
DB-12-Y-4 1/2 2 
' 
* 
..... 
V) 
21-
~ ~ ~: ~ 
0 ~ ~ ~ 
E/ MAIN ASSY. See Reg. MAIN ASSY. FORM. 
To be processed from SAL~S ORD~R I BACK ORD~R 
'c; - -
- == --
BRICAT~D PARTS D/ SUB ASSY. PARTS FA 
b y: s igma- FAf3RI<::_ATIQN by: Sigma- SUB ASSY. 
Speci al- Deviation from Standard 
* 
Special- Deviation from Standard 
* - -~
PART N 
-
NO. TOTAL ..... NO . TOTAL ..... 
PER THIS V) PART NO. PER THIS V) 0 0 
___I,!N IT ORDER a. UNIT ORDER a. 
-
0. 
' 
lBR-P o0024 JmEh'&ix 1 
AA-lh l DC-1o-4 2 
UA-18-2 1 DC-10.3 1 
NA-18 1 AG-1.3-2 2 
1.&-lHL .0159 ac-lo-Y-2 l/l 1 
C.A-13 l oo-lo-Y-3 1 
NC-33-1 2 AB-.30..21 1 
4B .. HH 
l1Drl!l 
.0053 GC-1Q-Y-1l/l 1 
6 1 JJ!·'R-1 1 
3B-HH .0228 AF-18-2 1 
~ 
AB-59 
1 AB-114-1 1 
1 
H~-10 1 
213-DS .0417 
KA-13 2 
RD-10 2 
5s·r-t a·0082 · 
NE•lO 1 
lA-A .ol56 
NA-21. 1 
7B-HH .0740 
KA-lD l 
RA-10 1 
2S-Ml .0038 
SD-10 2 
RD-11 1 
NE-10-1 l 
VC..17 .0020 
lFS-HH .ol96 
l.D-EF .0032 
AF-15 2 
FIG.ll 
The master bill of' materials is filed peruanently in 
the production control department. The master bill itself' 
is never used as an order to produce and consequently v;hen 
an order goes into production a copy is made of' this master 
bill of' materials to which specific order data is added 
across the top and the quantities of' parts needed are sh01m 
in the colur.ms. This copy is called the order bill of' mat-
erials (Fig.III). On the master bill one column shov"ls the 
quantity of' each part necessary to make one f'inishod product 
\1hereas on the ordor bill an additional colur.m is provided 
showinc the quantity of' each part necessary to r.:take the 
number of' finished products called f'or on the order. It is 
almost always necessary to r.:take up numerous copies of order 
bills so that all departments concerned will receive one. 
For this reason mimeocraphed copies are commonly used. 
Blueprints and Specifications 
Blueprints and specifications do not constitute 
authority to manufacture in the strict sense of' the word. 
Blueprints are made up in the engineering department. They 
are generally confined to depicting physical dimensions, 
tolerance, an<.l contours which the product is to have. Spec-
ifications include any information concerning the job which 
is not on the blueprint (Ex: instructions as to how to per-
form operations, tests that v1ill be required, and statements 
and facts that cannot be shown on the blueprint). Specifica-
tions are also made up by the engineering department in 
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ORDERING SPECIFICATION FORM --·- r- STANDARD --v POSTED INVt:NTO RY sprc ... -.--o-';-
LtAD TIMt AVAILABLI: 1 UNIT ;n~ S::.:: ... ~- "' ..,I)~' 
CUSTOMER____________________ O MPLtTt: TYPE _____ N_O_ . .-------
p 0 F=B=U=-IL--=D S-C-H-EDULE--~UN="I'-TS AVERAGE : ·~ SPEC. ALLqCATED Tp:. \ DATI: 5L 
N·o._· ______________ DATE ______ WEEKLY BASIS: C~nen. .. ,lt;t.:.-.._I.C Company s~~c." O'""ll ... 
CHANGED: A:___ by _ D: by UNIT SPEC. TYPE ' _ NO. __ _ 
CONTRACT 
NO. 
PRIORITY 
______ NO. 
B: ___ by E: by ___ _ 
SALES 
O RDER DATE 
A/ PURCHASED PARTS 
by: VENDOR - As Shown 
Specie I - Devietion from Stenderd 
PART NO. 
Q3D8s 
0-35 
BB-10 
~-10 
~7P 
FA-15 
o-65 
MI>-11-1 
Z6B8P 
MA-10 
CA•27 
n-60 
FB-12 
HB-10 
MD-12-1 
SA-11 
llUt BA-Sh 
MB-16 
RC-12 
6s-M 
EB-15-1 
DB-12-Y 
DB-12•A 
GC-1Q...Y 
vc-11 
QbnB-1 
o#D7 
vc-20 
vc-14 
vc-18 
r-s-lh 
Q98DS 
FD-S6 . 
G-68 
Form OSF-1 0 1 
NO. 
Pt:R 
UNIT 
4 
l 
1 
.0022 
J:(l) 
1 
3 
1 
2 
2 
2 
2 
TOTAL 
THIS 
ORDI:R 
a< 2 > 
1 
1 
1 
1 
2 
2 
.02 
1 
o749'4 
0~~~/ .s~ 
2 
2 
-
1 
2 
1 
1 
.... 
1/) 
0 
Cl. 
TOTAL 
ON ORDER 
COILS B/ by: Sigme -Coil Winding & Pur. 
* 
PARTS 
Soeciel - Devietion from Stenderd 
NO. TOTAL 
PART NO. Pt:R THIS 
JA-14 
PB-1Q-2 
LB-11-
5000 Ohm 
Cerex 
DE-#43 
PB-).Q-2X 
JA-11 
DB-12-Y-4 l/2 
DB-12-A-4 1/2 
UNIT ORDt:R 
0015 
2 
2 
.015 
2 
.003E 
2 
2 
t; 
0 
Cl. 
* 
E/ 
C/ FABRICATED PARTS 
by: Sigme - FABRICATION 
Specie I - Devietion from Stenderd 
PART NO. 
lFS-HH 
lBR-P 
AA-14 
NA-18-2 
NA•18 
J,B<.-1HL 
CA-13 
Nc ... 33-1 LB .. HH 
HW. HD-26 
3B-Illi 
~
AF-15 
AB-59 
WB-10 
2B-DS 
NE-10-1 
KA-13 
RD-10 
SS-M 
NE-10 
#lA-A 
NA-21 
7B-HH 
KA-10 
RA~10 
25-Ml 
SD-10 
RD-11 
VC-17 
].l}»EF 
NO. 
Pt:R 
UNIT 
0190 
0024 
1 
1 
1 
0159 
1 
2 
0053 
X'Xil~ 
0228 
i!1 
~ 
1 
l 
0417 
1 
2 
2 
0082 
l 
o1S6 
l 
0740 
1 
1 
'"0038 
2 
1 
.002 
'"0032 
TOTAL 
THIS 
ORDI:R 
FaG.m 
C: ~ F: ~ 
MAIN ASSY. See Reg. MAIN ASSY. FORM. 
To be processed from SALES ORDER I BACK ORDER 
D/. SUB ASSY. PARTS 
by: Sigme - SUB ASSY. 
* 
Specie I - Devietion from Stenderd 
* 
.... NO. TOTAL .... 
1/) PART NO. Pt:R THIS 1/) 0 0 
Cl. UNIT ORDI:R _ Cl. f- f-· 
AB-J0-21 1 
~ :JQ[ 
DC·lo-4 2 
oo-10.3 -1 
AG-l3•2 2 
AB-114- 1 1 
GC-lO.Y-i l/4 1 
GC•lO..Y-2 1/4 1 
GC-1o-Y-3 1 
AF-27-1 1 
AF-18-2 1 
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conjunction with the production control department. Blue-
prints and specifications are rarely, if ever, made up by 
the production control department, but it's responsibility 
usually is to see that copies are r;1ade up and delivered to 
the appropriate depark,ents. 
Allov1ances for Scrap and Waste 
Every shop, no matter how great their efficiency, 
has a small percentac;e of waste and scrap after every order 
is cor.1pleted. It is obvious therefore, that allovmnces must 
be made in making out bills of materials and also in purchas-
ing materials. If just the right amount of 1naterials v1ere 
purchased to fill each specific order the end result would be 
near chaotic. l.!anufacture would be halted on practically 
every oraer to enter production due to lack of materials. 
This would be especially disastrous in a job-order shop when 
delivery dates have been promised to customers which could 
not be fulfilled in the event of a stoppage of production. 
The production control department in this case has 
the job of pre-determinin::; the percentae;e to be allov1ed for 
waste and spoilage on each specific operation. Adequate infor-
nation can be supplied by the waste control department con-
cerning scrap which is the result of normal machininG opera-
tions. The real problen arises in predetermininG spoilage and 
\vaste which cannot be accurately foreseen. When expected losses 
are not known there is a stronc tendency to add unnecessarily 
large allov1ances for safety. While this practice is not as 
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bad as that of underestimatins scrap and waste, still it is 
an expensive practice which adds to over-all cost of manufacture. 
Work Routing and Operation Lists 
We designate by the term 11 Routing 11 the determining 
of the most advantageous path of travel, department to depart-
ment, machine to machine, and operation to operation, in con-
verting raw materials into a finished product." If routine 
is planned haphazardly the result is that parts are often mis-
placed or sidetracked. Under these conditions, machines and 
men on other work are stopped and transferred to rush orders 
for the replacement of missing parts. 1'he result is, naturally, 
higher production costs and delay in delivery to customers 
which i.n turn leads to customer bad will and in some cases 
loss of customers. 
In a job-order shop engaged in assembly operations 
the routing will involve (1) the individual parts and (2) the 
sub-assembling and main assembling processes. The man in 
charge of this v10rk will naturally be a member of the produc-
tion control department. He will be supplied with the engi-
neering data, blueprints, specifications and bills of materials. 
He should also have available the floor and equipr.wnt plans 
of the various departments showing the layout of the machines 
and production center. Of course, in a small plant this \7ould 
not be necessary since he viOuld kno\7 the layout of the plant 
like nis ovm home. He will also be supplied with lists of 
':·Hugo Diemer, How to set up Production Control for Greater 
Profits, McGraw-F..ill Publishing Co. Inc., Chicago & N York 1930 
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equipment and machinery which will enable him to make assign-
ments to specific machines and departments. With all this 
information available he prepares a route sheet (Fig. IV) of 
operations covering every item on every order. The basic 
procedure, therefore, involved in routing is summed up by 
Deimer in the following four steps: 
1. Determining from drawings, from finished parts, 
or assembled products, all the operations neces-
sary to the performance of the work. 
2· Determination of what would be the most advan-
tageous sequence of operations. 
3. Determination of the most appropriate machines 
on which the work is to be done. 
4. The adaption of each of the previous three steps 
to the kind and quantity of the particular equip-
ment owned by the company and the location of 
the same in the plant.* 
Once the four steps mentioned above have been carried 
out, the next step is the actual writing up of the route sheet. 
This sheet should usually include the following data: 
1. Number and other identification of the order. 
2· Symbol and identification of the part. 
3. The number of pieces to be made. 
4. If put through in lots, the number of pieces 
*Hugo Diemer, How to set up Production Control for Gre"'ter 
Profits, McGraw Hill Publishing Co.Inc.,Chicago & N.York,l930 
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:'1 
Cf\ 
. 
1<1 
I 
-----·-~- ---~-
CUSTOMER 
TYPE 8: SPEC. NO. 
RATE NEEDED ' 
-
·( OPERATION NO. 
AF-101 LA~32= Obms=Cerex 
.l'l.go 'Hn 
Cement & Assemble as per Genv Spec., #19 31 
Bake 12 Hrso Min,. at 16o• F 
AB24-41 AB26-l, ~JDk· :AB25=1 
Z)RO~ 
.Assemble & Adjust 21 
21 Z6R6I~ Coil AssQy (as above) 
Assemble 
.32 
Align &+2 
KC-10 
Solder springs with VC-14 4) 
2, AG-1.3-1 
Assemble 53 
( ,. 2. GClOY-3". 2. GC13Y .... 2111 j 
GClOY.,l 1/211 f 
Solder with VC-14 54 l· 
1 
AB4D-2, 21 Z6R6LP I 
Assemble 61 ! 
'! 
HB-10 . 
. 
V/ire Base 62 
Solder Base 63 
r • -- AB59~ 2, G-65~ 2, D--60, KA-10 
SHOP 
ORDER# 
' 
I TOTAL PARTS LIST THIS ORDER 
NO. 
' TOTAL ISSUED ROUTE SLIP PART NUMBER PER QUANTITY BY NUMBER UNIT 
' • 
. .AF-10 1 t II 
1 • I ~ .... 32- I 1 ~ 
Ohms-cerex 
AB24-b l 
~ :( . AB26-l l 
AB25--l 1 _. 
AG-13-l 2 
. ~ 
p_~..J._._~ l \. 
MAIO IA 
---~ -----
____ .....,_ 
-----
- ••4 - ..... 
- -- - - --- .. -
-- ---t-""'r--------- - --~ 
SHOP ORDER NO. 
' . 
• TOTAL AMOUNT ,~· I 
·'') • DATE DUE ... ~:-~ 
I OPERATION NO. 
Assemble _., '~ 
. 
4 J.djust ;:~.. 
C"" I k .~c 8' 
:.:#spect 82 
414-1 
' 
Assemble 92. 
Solder Cover •ith VC20-Vent with VC~l4 93 
I 
L~ak Check 94 
lecheck & Hipot 83 
[ 
~tamp B4 
}Pack 
]sPEC. NO. hRJ ._:-; 
NO. TOTAL ISSUED ROUTE SLIP PART NUMBER PER QUANTITY BY NUMBER UNIT 
0Cl3Y~211 2 
EB··lO l 
AB--59 l 
EBl.4-l 1 
'lltiQI IU 
GClOY-3" 2 
GC10Y-l l/2a. 1 
-- --~-- .... _ ---- ·~·-~-
---·----- -----~~---
I 
I 
01 
....... 
in each lot. 
5. Operation data, including: 
A. List of operations or parts. 
B· Machine to be used for each operation. 
C· Fixed sequence, if any of operations. 
6. The rate at which the job (or first lot) must 
be completed.* 
The determination of the routing then is simply 
finding the best sequence of operations in manufacturing 
the product. 
From a brief look at the data usually included 
on the routing sheet, the importance of the first two 
items, relating to the identification of che material, is 
obvious. The third item, the number of pieces to be made, 
is determined by the customer's order plus an allowance for 
rejects, an important consideration which bears repeating. 
Without this allowance the company may not have the correct 
number available for shipment. In order to make the ship-
ment, a rush order for the amount of the shortage must be 
sent through the plant. This rush order is expensive to 
produce because it requires setting up the machines, and 
the set-up charge can be apportioned only over the few 
units in the rush order. Also, the rush order disrupts the 
schedules af other orders in some instances. An allowance 
*L.P.Alford, Cost and Production Handbook, New York: 
Ronald Press, 1942 
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for rejects avoids this situation if the allowance is correct. 
From past records of rejects caused by the various operations, 
an estimate should be made of the expected rejects on the lot 
being considered. By stating the number actually needed, plus 
an allowance for rejects, the number of units actually needed 
should leave the final operation ready for shipment. 
If the item to be made can be put through in lots 
of various sizes the number of units in each lot should be 
that amount which would keep total unit cost at a minimum. 
The total unit cost includes direct labor, raw materials and 
overhead. If the item can be shipped immediately upon manu-
facture, the larger the lot size che lower the unit cost, 
because che cost of setting up the machines is apportioned 
over a larger number of units. Since, in a job company 
practically all items are shipped immediately upon manufac-
ture it is obvious that the volume of lot sizes in which to 
produce must be kept as large as production facilities will 
allow in order to keep total unit cost dovm. The fifth item 
on the route sheet gives the productJ.OLi control department 
it's real work. This consists of preparing the list of opera-
tions necessary to manufacture a part. This is accomplished 
by studying the engineering drawings of the item to determine 
the steps necessary in it's manufactD.re. The men who are assig-
ned this task must be familiar with the machines in the plant 
and their capabilities. These men must list the operations 
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necessary to manufacture the item and also specify in the 
description of the procedure the machine required to do each 
particular operation. These operations and the machines used 
form a list of the necessary steps in the processing of the 
part. 
The selection of the machines to be used must be 
done before the order enters the shop. This decision should 
not be left up to the discretion of the individual depart-
ment heads since an operation which may appear better on one 
machine in their estimation than on another may prove to be 
more costly. On many of the operations in the process only 
one machine would be capable of doing a particular opera-
tion, but on many other operations two or three different 
types of machines might be capable of doing the work. For 
example, an operation might be done on a planer, a shaper, 
or a milling machine. In the making up of the route sheet 
this wide choice of machines is eliminated for the depart-
ment heads and the most efficient machine is selected; that 
is, the particular machine that will produce the part at the 
lowest cost per unit with the required quality. Consequently, 
the machine that can produce at the lowest unit cost is 
specified on the operation list. 
Finally, this operation list must be reviewed in 
order to be certain that it outlines the best sequence for 
lowest cost. In changing the sequence it might be possible 
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to lower the cost by eliminating an operation or combining 
two operations. By the use of special tools or fixtures 
certain machines can be made to perform two operations in 
one application. This process can be further pursued by 
applying time and motion principles. 
Routing ~ a Part £[Production Control in ~ l££ Company 
Routing is a vital portion of production control 
because it determines how the product should be made and how 
long it should take to do each operation necessary to turn 
out the finished product. Routing is a basic step that must 
be accomplished before any scheduling, dispatching, or actual 
production can begin. Naturally, it is necessary to know how 
to produce an article before the article can actually be pro-
duced. In the job-order shop the importance of time cannot 
be overemphasized. All products must be completed on time, 
else customers will be dissatisfied. Due dates must be met on 
every phase of production. 
All production control is based upon planning the 
operatiooe so as to insure effective utilization of the factors 
of production. All of the planning is based upon having avail-
able the time it takes to do each operation. Effective con-
trol cannot be established in a company unless time standards 
are available and reasonably accurate. Therefore, it is again 
emphasized that the routing which determines each individual 
operation that should take place and gives the time necessary 
to do each, is one of the highly essenti~l elements of produc-
tion control in a job company. 
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V Materials Procurement and Control 
Determining the ~uantity Needed 
The wheels of the purchasing function start 
turning at the receotion of a purchase requisition from 
whatever department in which a need has arisen. It is 
important to make clear the fact at the start that in a 
job company the purchasing department does nothing but 
purchase. That is, the ascertainment of the need is 
decided outside of this department. 
When it has been decided, through the reception 
of the purchase requisition, that the need for a specific 
item does exist, the necessary quantity of the item must 
oe entered on the purchase requisition. In a job company 
this quanti~y will be the amount of raw material necessary 
for the customers finished order plus any material necessary 
to allow for defective workmanship during the production 
process. This all01,1ance for scrap is an all important fac-
tor as has been previously noted. This procedure, it must 
be noted, applies only to those materials \;hich are non-
standard. That is, those materials which are required to 
meet customer specifications which vary from the standard 
product. 
In ordering standard items for a job company the 
determination of quantity is not so simple. Howard T. Lewis 
lists the following factors which influence the amount to be 
purchased on each purchase order: 
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1. Stocks on Hand-The maximum amount which is 
desirable to be carried as an inventory item, or the amount 
needed for any particular productio~ or maintenance project 
which is in prospect, is a combination of the amount on hand 
and the amount which is procured and added to stocks on hand. 
2. The Time and Extent of Probable Use-This is 
based on the production or other planning data which offer 
facts as to the time at which use is to be made of the matsr-
ial, the amount which is to be used, and t'le stability of 
that use. 
3. Storage Cost-The expense of cerrying the mater-
ial in stock until it is used. 
4. Obsolescence-In determining how much of any 
given material or supply is to be purchased, due weight 
should be given to the possibility of change in production 
plans or specifications, or developments from research which 
may render the material obsolete. 
5. Handling Charges-Consideration of the storage 
facilities and oth2r factors which may or may not make it 
economical to purchase larger quantities which may, of neces-
sity, be stored at a distance from the ooint of use. 
6. Transporte.tion Charges-Carload versus less-than-
carload freight rates, special allowances by vendors of trans-
portation charges on shipments of certain volume and similar 
considerations. 
7. Investment Costs-Every purchase, unless for 
immediate use, carries a factor of cost which does not appear 
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in the price, a.nd which represents the return upon the money 
investment in the purchase for the period during which the 
thing purchased is something which has been paid for but not 
used. 
8. Cost of Buying-This factor is of particular 
importance in the purchase of items of small value. 
9. Quantity price differentials. 
10. Market conditions and price trends. 
11. Time required for deliV·3ry. 
To this list should be added three further con-
siderations, particularly where purchases require large sums 
of money. There are the financial resources of the buyer; 
the possibility of an alterne.tive use for the funds which 
might otherwise be invested in inventory; and finally, but 
by no means the least important, the possibility of secur-
ing available substitute materials to replace more costly 
or hard to get items.* 
Making Versus Buying Parts and Materials 
The policy of making versus buying is a policy de-
pending upon the characteristics of an individual comDany. 
It is largely dependent on company policy rather than the 
fact that they manufacture in job lots or continually. The 
policy adopted depends upon how highly integrated the com-
pany is within the limits of available capital and the 
volume of present and prospective business. Also, many 
* Lewis, Howard T., Procurement, Chicago: Richard D. Irwin 
Inc., 1948. 
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times a company realizes it is cheaper to make than buy a 
certain item but is unable to do so due to a lack of space, 
facilities, tools and equipment. In many instances this 
decision is a major policy and can be decided only at a 
level higher than the production control function. 
In determining when it would be more feasible to 
make rather than buy or vice-versa, the production control 
department must be thoroughly familiar with all the cost 
aspects involved in manufecture. This fact, plus other 
reasons to be discussed in a later chapter, illustrates the 
need for a spirit of cooperation between the cost account-
ing department and the production control department. 
Procurement Forms and Procedures 
In order that we may examine the procedure in log-
ical order, we shall discuss different forms and methods 
used in their logical sequence. In a job comoany purchas-
ing embodies two distinct phases. The first of these is the 
procedure involved in purchasing items which are not used 
directly in production. Secondly, a separate system is used 
to purchase non-standard parts which are required to fill 
specific orders. With this in mind we can clearly examine 
the forms and procedures used in each instance in a typical 
job company. 
The first form to be examined is, naturally the 
purchase requisition since, as was stated previously in this 
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chapter, the wheels of the purchasing function start turning 
at the reception of the purchase requisition. One form, 
called the "numbered" requisition is used to requisition 
those articles never purchased previously and which are not 
used directly in production (Fig. V). Examples of this would 
be office furniture, tools, machinery, office supplies, 
equipment, etc. This particular type is called a numbered 
requisition from the very fact that each copy is identified 
by a number in the upper right hand corner. Because this 
form is used only for "one time purchases", so to speak, this 
number is important since it is used as a means of identifica-
tion and the requisition can at any time be traced back to the 
person who originated it. The form itself is divided into two 
sections. The top section contains pertinent information rel-
ative to the department from whence it came; that is, who 
ordered it, when it is needed, and the necessary internal code 
routing used throughout the plant plus the individual depart-
ment code number. The second saction contains the quantity 
and descriptions of the materials required. Below this there 
is a space to be filled out only by the purchasing department 
designatjng who to purchase from, method of shipment, delivery 
date expected, buyers name, and who the material is to be 
delivered to upon arrival. 
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All such requisitions must be approved by the de-
partment head where it originates. It is made out in trip-
licate; one copy is sent to the person who initiated the order, 
I 
I 
' I 
J 
: 
PURCHASE REQUISITION DATE------~~------ N~ 6110 
From Requested Deliver 
Dom by. To .Code. 
-
~uua
Approved To be Note: 1. Forward white and 
by Used yellow sheets to Purchasing. 
Purchase 2. Purchasing return white Delivery to writer, and yellow to 
Wanted from destination of material. 
QtJAJITITY' 
I 
PAllT OR 
I 
SIZE 
I 
DESCIIIPTIOlf CAT. NO. 
Do Not Write Below This Line- for Purchasing Dept. Only 
Ship Date Code Via_ _____ _ ___ _________ _ _ 
Delivery Ordered Our 
Bequeste by P. 0. No~-----------
Deliver To:, ______ ______ _ 
Vendor _____________ _ 
Ft G.-:£" 
Confirming D 
Non Confirming D 
0\ 
1-' 
one is sent to the department head and the third is retained 
by the purchasing department. 
The second type of form, the "penciled" requisition 
(Fig. VI) is similar to the nurnbared copy but much simpler in 
form. It is split up on the same basis for recording informa-
tion but is used for a different purpose entirely. This form 
is used to purchase those parts which are required to fill 
specific orders. Materials of this nature are usually ordered 
on a long term basis whereby partial shi?ments of the total 
order are requested on a monthly basis to meet production 
schedules. This form can also be used for parts which are sub-
contracted. A special section is blocked off at the top of 
the requisition to be used in this event. 
It is when the above described requisitions have 
been received that the purchasing department starts working. 
In the case of standard parts which have been purchased before, 
the purchase order (Fig. VII) is merely made up and sent out 
to the customary supplier. But in the case of purchasing non-
standard items which have never been purchased before, natur-
ally, a new supplier must be contacted. The first step is to 
determine just what you are buying. By this I mean the deter-
mination of what type of vendors to contact. Once this has 
been determined a list of prospective vendors is compiled and 
by mail and telephone bids are requested. Finally the bids 
are analyzed on a basis of quality (by the term quality, 
price is also implied, both individual and in quantity), 
and on a basis of the ease and promptness of delivery. The 
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S,IGMAc=J 
F .P. r=::J 
TO 
AMOUNT 
DEL. WANTED: 
DEL. TO: 
63 
P.O.j ) P.S. c=J LABEL c=J ORDER# 
NUMBERED P. S. L:J INVOICE r==J 
Ship to 
~h ________________ __ 
CONFIRMING NO r==J YES c:=J 
DESCRIPTION PRICE 
SHOP ORDER# 
CODE ROUTE SLIP # 
0 PURCHASE ORDER :Jle 5-idler-fJ;.erce Compang, .!Jnc. 
170 PEARL STREET. SOUTH BRAINTREE 85. MASS. 
. ' 
To 
r I 
L _j 
Pleue enta- our order for tile fallowing, subject to eoaditiona and terms stated herewith. 
QUANTITY DESCRIPTION 
DELIVERY WANTED SHOP ORDER 
DELIVER TO COD II ROUTE SLIP 
IMPORTANT 
1. Return properly signed attached "Acceptance of Order" 
copy. stating delivery date. 
2. Invoice us in duplicate. Invoice eaeh shipment separately. 
Show our order number on all invoices and packing sheets. 
3. This order not to be filled at a price higher than laat 
quoted or charged. 
4. Unless otherwise stipulated herein. no charge allowed for 
packin,; or freight. 
FtG.1lli 
ORDER 
PUT ABOVE NmmER ON ALL PACKAGES, 
INVOICES AND PACKING SLIPS. 
DATE ____________________ __ 
F.O.B __________________ __ 
TERMS, ________________ __ 
SHIP TO·----------------
TI=----------------------
PRICE 
PURCHASE ORDER NO, 
Jhe J ijher-Pterce Compan'l, .Jnc. 
BY----------------~==~~~~~~ PURCHASING AGENT 
NOT VALID UNLESS SIGNED 
0\ 
..j:::-
selected vendor is then sent a purchase order. This order 
usually contains the vendor's name and address, the order 
number, date, terms of shipment and destination. Also it 
should state the quantity, description of the goods, price 
expected to be paid and the date delivery is wanted. This 
form is not valid unless it is signed by the purchasing agent. 
Also, it should be made out in quadruplicate. The original 
copy along with the acknowledgement copy (to be signed and 
sent back by the vendor indicating that he will comply and 
agree to all imprinted thereon) is sent to the vendor. A 
third copy is sent to the receiving depart,nent so the goods 
can be checked upon arrival. The final copy is called a 
11utility sheet11 and is sent to the accounting department for 
purposes of pricing and estimating. 
Expediting 
Once the order has been placed, the purchasing de-
partment cannot forget it. On the contrary, the order must 
be checked and expedited until it is received. The fact 
that we are evaluating a job company makes this fact doubly 
important since the production department must meet produc-
tion schedules in order to meet delivery dates which have 
been promised to customers. Consequently, the production 
control department is constantly putting the pressure on 
the purchasing department since a delay in the arrival of 
material can cause a serious delay in production. 
The following are the mechanics of the expediting 
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procedure used in conjunction with the purchasing procedure 
explained above. Again, there are two seperate procedures 
used as in the making out of the original purchase requisi-
tiona. One is used in expediting those items which are not 
used directly in production. A completely different file 
is used for parts which go directly into production. Al-
though these files are kept seperate, the procedure for 
both is basically the same. 
• 
For the former type, the procedure is briefly 
this. A file card (Fig. VIII) is kept indicating (by the 
use of metal brackets which slide along the top of the card) 
the month, day, and the year the order is due. This is 
very important, because as stated above, in a company which 
produces in job lots time is of the essence. Because of the 
fact that many vendors, for any number of reasons, fail to 
send back acknowledgements a periodic reference should be 
made to this file. However, under normal circumstances, when 
the acknowledgement is received from the vendor the data is 
recorded along with the= purchase order number, the name of 
the vendors, and the quantity and description of the goods. 
If, at the end of ten days the acknowledgement is not returned 
(ten days is an arbitrary figure which we shall c:msider as 
ample time for suppliers to send back their acknowledgement 
the metal tab will indicate it. At this time the tab should 
be moved up another ten days and a form letter (Fig. IX) 
sent to the vendor informing him of the situation. If, at the 
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SIG~STIUJMUTS, INCOBPOBATBD 
~1{e/izfl ELECTRONIC APPLICATIONS 
170 PEARL STREET, SO. BRAINTREE, BOSTON 85, MASS. 
Gentlemen: 
To date we have not received an acknowledgment of your 
receipt and acceptance of our P.O.# dated 
Kindly notify us immediately if you have received our 
order and if you expect to ship as specified. 
Your prompt attention in this matter will be appreciated. 
AJF/mb 
Yours very truly, 
SIGMA INSTRUMENTS, INC. 
A. J. Foley 
Purchasing Department 
Fig. IX 
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end of the second ten days, no acknowledgement is received, 
the purchase order is re-examined and the order is either can-
celled or expedited further depending upon the need for the 
item and the possibility of securing a substitute. 
In order to further illustrate this procedure let 
us assume the acknowledgement has been returned to the our-
chaser within the first ten day period. Now the procedure is 
automatic. The date of delivery expressed by the vendor on 
the acknowledgement is recorded on the file card and the 
metal tabs are moved accordingly. Finally, when the goods 
are received the date is recorded and the card is filed for 
future reference in determining whether to purchase from the 
vendor again should the need arise. 
The latter system (purchasing materials which will 
be used directly in production of specific orders) is basic-
ally the same. The file to be used, because of the numerous 
orders placed every day, is much larger. Consequently, for 
purposes of illustration I have acquired a file card which is 
used in 11 Rolodex 11 system and is filed by part numbers 
(Fig. X). This file is wholly used by the expediting depart-
ment. In order to give a brief illustration o~ the procedure 
ordinarily involved let us assume a practical example. An 
order is placed for 600,000 screws to be delivered at a rate 
of 50,000 per month over a period of one year. The first de-
livery date and the quantity expected per month, plus the 
closing schedule date is automatically recorded uoon return 
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SUPPLIER P.O.* DATE 
PART NO. FIRST DEL. SCHED. 
ACKNOWLEDGMENT # 1 Letter Sent 
Comments: Receipts 
•Ol.ODE.I FOIUI NO. II t 
SUPPLIER P. 0 . ¢; DATE 
PART NO. FIRST DEL. SCHED. 
ACKNOWLEDGMENT ::; I Letter Sent 
Comment.: Receipts 
of the acknowledgement. Also the date ~f retur~ of the 
acknowledgement shoulj be recorded. No specific time in-
terval is determined in advance as to when the order is to 
be expedited. It is purely a matter of judgement derived 
from past dealings and differs naturally, for different 
suppliers. It is also determined partly by production demands. 
Again, to further illustrate this procedure let 
us assume the supplier sends his acknowledgement specifying 
agreement as to delivery date. Let us further assume that 
the first two shipments are received on schedule butthe third 
does not arrive by the due date. When this occurs a form 
letter (Fig. XI) is sent out immediately informing the vendor 
of this failure to comply. If a production delay is imminent 
a second form letter (Fig. XII) is sent out. Finally, if a 
production delay actually occurs the vendor is contacted 
personally. 
Relationship Between Production Control and Purchasing in a 
Job Company. 
In a job company, because each project has different 
specifications the necessary raw materials cannot be ordered 
until a customer places his order. Once the order is in, the 
production department schedules their order for production 
with the understanding that the raw materials will be delivered 
as specified. If the materials are not delivered on time a 
production delay will result and the order will have to be 
rescheduled. Thus, it is obvious that the production depart-
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SI8MA~if'.8TB11MBNTS, INC8RP8RATEa ~~7421'jll ILECTlOHIC APPLICATIONS 
170 PEARL STREET, SO. IRAINTREE, IOSTON II, MASS. 
Subject: Our P.O.# 
Gentlemen: 
Please refer to our subject order for which delivery schedule 
is as follows: 
Your acknowledgment stated that delivery would be made: 
It is imperative at this time to have some assurance that these 
goods will be shipped as specified in order that our present 
production plans will be maintained. 
Your early reply will be appreciated. 
KHP/mb 
Yours very truly, 
SIGMA INSrRUMENrS, INC. 
K. H. Pehrson 
Purchasing Department 
Fig. XI 
SIGMA~STRUMENTS, INCORPORATED ~~7{~ ELECTRONIC APPLICATIONS 
170 PEARL STREET, SO. BRAINTREE, BOSTON 85, MASS. 
Subject: Our P.O.# 
Gentlemen: 
Our production schedule is so arranged that the material 
covered by the subject order must be received on time. It 
is important therefore, that we be assured that a shipment 
will be made next week according to our requirements. 
Please reply at your earliest convenience. 
AJF/mb 
Yours very truly, 
SIGMA INSTRUMENTS, INC. 
A. J. Foley 
Purchasing Department 
Fig. XII 
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ment relies heavily on the purchasing department which in turn 
must expedite its supoliers in order to meet production sche-
dules. 
Materials Inventory Control 
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In conjunction with the problem of purchasing it is 
necessary to mention briefly the part of inventory control in 
a job company. In a job company all items are not stock items. 
There are stock items and special items. Stock items are usua-
lly handled on a maximum and minimum basis. In this system the 
maximum, minimum and re-order point are all determined by the 
judgement of the individual who is responsible for the procure-
ment of adequate stock items. Usually the low minimum point is 
set to allow for any ordinary potential delays in shipment and 
to insure that the companY will never be without the item. The 
re-order point is higher than the miminum by the amount con-
sumed during the normal expiration of time between re-ordering 
a quantity and actually receiving the items. The maximum 
point is the greatest amount that the company desires to have 
on hand at any one time. This is influenced by the rate of 
use, potential shortage of the item, price, economical pur-
chasing quantity, and whether the item is a stock item for the 
supplier. Thus when the supply on hand reaches the reordering 
point, the purchasing department is notified and an order is 
placed. 
Stock items are such common things as nuts, bolts 
and washers. But a job company is continually manufacturing 
new products, and so new materials are continually neGded. 
Since these materials are not kept on hand all the time, 
it is not wise to utilize a maximum and minimum system for 
them. Instead they are purchased for definite requirements. 
When the special materials are needed the using department 
will order the actual amount to be used. The requisition 
goes to the purchasing department, which sees that 
the necessary items are available when needed for production. 
When the items arrive in the plant they are physically stored 
and recorded by the inventory control department. Ynrough 
material requisitions (Fig. XIII) the inventory control de-
partment maintains records of the amount of the material is-
sued to the production department. This insures a continuous 
record of the actual amount on hand at all times. 
It is obvious therefore that the work of the in-
ventory control department in a job company, controlling many 
various special items, is more complicated than in a con-
tinuous process comoany. Also the purchasing department has 
more work to do because there is a wider variety of items to 
be purchased. The volume may not be as great as in a continu-
ous process company, but greater variety means locating and 
evaluating additional sources and placing many more smaller 
orders. 
75 
VALUE (7 I JOB HUMIER b~~=-~~==~~~~----~--~--~~------~~D~A~rr±~~~~=~ I '~' I -~ 1 
,ART MIJ><IER DEscRn>rloH oF PART .. o o
1
o o,o a o o o o o;o o o G;u o o o o o~o o o a 01
1
:;; 
DATE QUANTITY ISSUED UHIT PRICE 
11111 1111 i 1:1·1111111111 1111 111:!;! 
154 55156 5lt3 59 6Q 0162 63/6HS ·, 61 681'63 JO 71 12 il 74' 15176 71781'9 8D 
REQUISITIONED BY QUANTITY HEEDED "1. DEPT. CHGD. ISSUED BY 2 2 2 2 2 2 2 2 2 2 2:2 2 2 2•2 2 2 2 2 2 2:2 2 2
1
2 2~~ 
f----------'----------......_ ___ ___;(..__ __ ~3 3l"i', , 33 ·!.3 3 3 3l! 33 , , ,,, . ;,1~ 4 4 4 4 4 4 4 4 4 4 4:4 4 4 4 4 4 4 4 4 4 4:4 4 4;4 4, ~ 
5 515 55 55 55 5 5:5 55 515 55 55 5 s:s 5 s:5 5 
r-------------------------------~ 1 I I 6 6 56 6 6 6 6 6 6'6 6 6 6 6!6 6 6 6 6 6 616 6 6'6 6 
I I . I I 
7 7[7 7717 7 7 7 7 7:7 7 7 717 7 7 7 7 7 7:7 7 7:7 7 
I I o Is a 8 8 8 8 8 8 8 s18:8 8 a B'B a 8 8 a 8 8:8 8 8:8 8 0 I I J ! I 9 9 9 9 s 9 9 s 9 g s:a 9 9 9 9 9 9 s 9 9 9:9 9 9:9 9 
L--------------------------L-----:---'---...J54 55 6 57 8~9 6Q 6162 d64656667 6 69 7C. 7172 73 74 75 76 77 78 79 80 
ENTERED- INVENTORY 
ENTERED- COST 
Faa."XII[ 
N 
"' 0 Ul 
0 
.. 
l: 
Ill 
-.J 
0\ 
VI Scheduling, Dispatchine and Follow-up 
Need for Scheduling 
In job order scheduling manufacture can generally 
be scheduled only after sales orders are received, due to 
the special nature of the product.* Therefore there can be 
no complete standardization or routing; there is no steady 
flow of materials in process on conveyors; each component 
part may follow a new path from operation to operation and 
often even the time that will be taken for each operation 
can only be approximated because some articles being pro-
duced may be of entirely new design. Consequently, schedul-
ing must be flexible. There are constant interruptions which 
in a job shop become the rule rather than the exception. 
When a customer gives an order it is the usual 
procedure to give him a provisional delivery promise as to 
when he may expect the goods. This promise is based on the 
existing backlog of orders, availability of materials, jigs, 
fixtures and tools, the deviation of the product from the 
producer's standard and finally an extra length of time to 
compensate for any unexpected breakdowns in production. Under 
ordinary circumstances these factors should prove adequate 
for a company to get orders out on time. But, it is at 
this point where we are confronted with one of the problems 
inherent in a job shop. This is the "rush order". A well 
arranged, well controlled shop should have very few rush 
*Factory Management and Maintenance, November, 1952, p.l38 
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orders and then only those that it is vitally necessary to 
get through production at the earliest possible time. 
Sometimes, a rush order is necessary, as in the 
case of a serious breakdown, but this order can be planned 
for just as the others, with only a slight disruption of pro-
duction plans instead of a major disturbance. It should al-
ways be remembered that it costs money to disturb routine and 
the customer will not always foot the bill. The sales depart-
ment can often, by their actions, create a great deal of con-
fusion with a large number of rush orders. As is necessarily 
the case as we have explained previously, the scheduling sys-
tem must be flexible and salesmen must be delegated the author-
ity to hand in rush orders if it is absolutely necessary to 
satisfy a good account. But this practice has a danger too in 
that too many sales executives form a habit of making 11rush11 
on every order in order to remain in good stead of their in-
dividual customers. This can only result in excess reschedul-
ing and ultimately in broken delivery dates and customer dis-
satisfaction. Consequently orders should, whenever possible, 
be filled in terms of their priority. In any job shop the 
11 regular orders 11 should constitute the bulk of orders. These 
regular orders are the result of the actual receipt of an 
ordar and take preference only over orders which are being 
made to st~ck in anticipation of future orders. 
This section has been designed to illustrate the 
need for good scheduling from a negative viewpoint. That is, 
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the need can be more easily understood by explaining the 
evils resulting from a poor planning and scheduling system. 
The following sections are designed to illustrate the actual 
procedures involved in setting up a good workable scheduling 
system. 
The Scheduling Procedure 
Scheduling refers to the time when the work is to 
be done. Scheduling in a job shop usually means the setting 
of the expected starting time and ending time for each indivi-
dual operation and should not be confused with finding out how 
long a job will take. The measure of time involved in an 
operation does not constitute scheduling but when a specific 
operation is given a specific starting and ending time we 
may say it has been scheduled. In a job shop the scheduling 
system employs three basic forms. These are individual 
order schedules, machine schedules and the master schedule 
which presents an overall view of all the orders in process 
throughout the plant. 
The Order Schedule-Each individual order in a job 
shop must be scheduled seperately since every order deviates 
in some way from the one next to it. The actual scheduling 
of an order may be said to begin when the promise date is 
given to the customer. Promise dates should not be given 
to customers until the possibility of meeting them has been 
established. This is a principle which should be followed in 
every job company. Since the sales department must provide 
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the customer with a delivery date it is necessary that they 
be informed at intervals (usually weekly although in some 
companies they are informed daily) of the open capacity in 
the various departments. To the open capacity date must 
be added a percentage allowance (usually three weeks) to 
compensate for unavoidable delays and the estimated travel 
time to the destination. The date finally arrived at is 
given to the customer by the sales department. 
Once the delivery date has been tentatively estab-
lished it becomes the job of the production control depart-
ment to set up an order schedule (Fig. XIV) which will give 
the individual order a specific starting time and ending time 
in accordance with the tentative delivery date promised to 
the customer. It is from this order schedule that informa-
tion concerning open capacity is supplied to the sales de-
partment to be used in arriving at promise dates for future 
orders. 
To determine the individual operation time on each 
process or operation the scheduling department can, by exam-
ining the route sheet, estimate to a reasonable degree on the 
basis of records and past experience. For instance, two 
jobs may be entirely different yet in one specific process 
they may both require a certain milling operation. On the 
basis of the time required to perform the operation on the 
completed job an estimate can be made of the expected length 
of time to allot this particular operation on the job being 
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scheduled. This procedure may be followed for each operation 
on the route sheet by continuously comparing the order being 
scheduled to past orders on which similar operations were 
performed. We may, to illustrate this further, compare this 
practice to the common law system in the U.S. Courts. Prev-
ious cases are cited in reference to each specific issue 
and if the facts are similar the same rule of law will apply 
in each instance. 
Now that the time has been determined the schedule 
can be set up. The following system is one that would be 
used in a typical job shop in which a "standard" of each 
particular item is used as a base and each order is a devia-
tion from the standard according to customer·specifications. 
The order schedule is usually set up on a monthly basis and 
it should include the name of the item, the capacity per 
week and the amount scheduled on a weekly basis. Thus by 
fitting the order on this schedule the final operation com-
pletion date would be determined according to the open 
capacity time indicated on the order schedule. 
The Machine Schedule-Machine scheduling is con-
cerned with apportioning the available machine time to orders 
in accordance with order schedule requirements. While order 
scheduling is concerned more with the setting of deadline 
dates than with setting exact machine time assignments for 
operations, machine scheduling is actually more a matter of 
determining the sequence of jobs to be done on each machine 
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than it is a matter of machine time schedules. Knowledge of 
operation times is, however, needed in order to plan the 
allocatio~ of orders to machines, since the time a job comes 
off one machine determines when it is available for its next 
operation on another machine and when the machine will be 
free for another order.* 
Machine scheduling is usually carried out without 
written schedules of machine use. A common method used is 
based on the completion date shown for the operation on the 
route sheet. In this way a great deal is left up to the dis-
cretion and judgement of the line foreman. That is, you must 
assume that by his experience and knowledge of operation 
times he can fit the order into his own schedule so it will 
move on to the next operation on schedule. He also decides 
what operator to assign and on which machine the operation 
shall be performed. To illustrate further, let us assume a 
route sheet comes through with a part which requires a boring 
operation. Let us further assume that the order has been held 
up previously and requires "speeding up" in order to me111t 
the completion date. Consequently, as far as the foreman is 
concerned it is a rush order in his department. This order 
is given a priority by him and it is immediately assigned to 
a machine which is "caught up 11 • Therefore by using his own 
judgement he accomplishes a double task by performing the 
operation and also expejiting the order. 
*Franklin G. l~oore, Production Control, McGraw-Hill Book 
Company Inc., 1951. 
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The Master Schedule-The master schedule is nothing 
more than a summary of all the individual order schedules 
showing the over-all production of the plant and the amount 
of each product to be completed on either a daily, weekly, or 
monthly basis. There are many different forms which can be 
employed in drawing up the master schedule. It can be in 
the form of charts, diagrams, graphs and even written up in 
the case of a very small manufacturer. Other charts used 
mostly by larger companies include the Gantt Chart, Progress 
Tape-peg Charts which employ control boards using pegs 
placed in holes to show starting dates, comoletion dates and 
progress, and another popular chart which operates in a 
similar manner called the Produc-Trol Control Board. 
For illustrative purposes we shall assume a small 
job comoany which employs a bar-graph chart used in con-
junction with the order schedule discussed previously. This 
chart (Fig. XV) compiled on a monthly basis contains the 
following information: 
1. The capacity per each item produced in 1000-
lots for the month. 
2. The amount scheduled for each item produced 
in 1000-lots for the month. 
By the use of horizontal bar graphs the capacity for the 
month is contrasted as against the amount actually scheduled 
for the same period. This chart gives the production control 
department a birds-eye view of the open capacity of the plant 
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as a whole and for each individual order. It is important 
to note here that the master schedule should be continually 
revised, for if actual production is lagging behind the 
scheduled amount, the master schedule ~>Till not be accurate 
and deliver;,' dates quoted from it will be erroneous. 
Disno.tching 
Once the order has been scheduled it must be given 
to the dispatcher. The dispatcher may be nothing more than 
a messenger clerk wl1o delivers the order to the department 
heads or it may be a highly centralized function as iL the 
case of large plants. Ho'tlever, no matter ho11 large or small 
the c::mcern, whether it is a continuous process company or 
a .Job shop, disnatching is an integral part of the internal 
workings of any plant. 
Dispatching is defined by Younger and Geschelin 
as ths releasing of the work and th& direction of its move-
ments according to established time standards or stations 
along the route so that the plan may proceed at the proper 
time intervals.* From this definition it is obvious that 
the dispatching function begins the actual manufacture of 
the item by releasing authority to begin producing over the 
determined routing at the time designated on the schedule. 
That is, it authorizes the individual foreman to begin the 
*John Younger and Joseph Geschelin, Work Routing, Scheduling 
and Dispatching in Production, The Ronald Press Co., N York 
1947 
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rnanufe.cture of the i tern in his department. Once the order 
has been dispatched there are other duties for which the 
dispatcher is responsible. These functions may be listed 
as follmvs: 
l. Movement of materials from stores to first 
orocess, anil from process to process. 
2. Issue of tool orders instructinE tool depart-
ment to collect and make ready tools, jigs and 
fixtures in advance of hours at which operation 
will commence. 
3. Issue of job orders authorizing operations in 
accordance with dates and times previously 
planned an:l entered on machine loading che.rts, 
route sheets and progress control sheets or 
boards. 
4. Issue of inspection orders after each operation 
to determine results in terms of pieces 11 good11 
and 11 bad11 • 
5. Recording time of beginning and completing job, 
and calculating duration. 
6. Recording and reporting idle time of machines 
and of opere.tions. * 
In a job company dispatching becomes a much more 
complex process and consequently must be organized with a 
*L.P. Alford, Cost and Production Handbook, Ronald Press 
Company Inc., 1942. 
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more or less flexible olan. In order to make the picture 
a little clearer let us examine the dispatching function 
performed. in a medium sized job shop. The dispatching 
depo;trtment in this case would. probably consist of one 
man with a few clerical assistants. His would be an 
informal task and he would serve, in the main, as a co-
ordinator or mediator between the production control de-
partment and the various department heads throughout the 
plant. Once an order has been scheduled his job begins. 
He must first see that the order reaches the department 
where it is routed and is put into production by the 
starting date. Once this operation is completed he must 
see that the order moves on to the next department or 
machine where it is routed. This procedure must be fol-
lowed until the order is completed. He must also see 
that necessary materials are always on hand at the proper 
stations. An over-all alertness is an inherent part of the 
job. He must investigate and report any mistakes in schedu-
ling or machine loading. For instance, the scheduling de-
partment may schedule a machine to do more work than it is 
physically capable of accomplishing. If the dispatcher no-
tices this error, part of the load ca.n be assigned to another 
machine and. a serious bottleneck l'lill be avoided. Thus it 
is evident that the dispatching function is necessary factor 
in producing a smooth fl01·1 of production. 
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Follow-£Q 
Once an order has been scheduled and dispatched 
it ca.nnot be forgotten. This is especially true in a job 
shop. Since time is the all imoortant element in this type 
of manufacturing the order must be expedited or followed 
until it reaches the customer. The expediting involved in 
procuring materials in preparation for production has been 
discussed in a previous chapter. Vfe are concerned here with 
follow-up on the order while it is in the process of manu-
facture. Follow-up can be defined as checking part by part 
and operation by operation the material in-process to make 
sure the,t it is progressing through the manufacturing process 
according to the prearranged plan.* This function is per-
formed in part by the dispa.tcher informally but a formal 
study of the progress of the order in-process must also be 
conducted. This is the job of the follow-uo department. 
The follow-up procedure in a job comoany is more 
complicated than in a continuous process comc:>any because 
there are many orders, all different, being produced at one 
time. The main task of the follow-up department is to keep 
the production control department informed of the progress 
on all orders so they will know which orders to expedite to 
keep the promises made to customers. This is done by trans-
lating work tickets and inspection tickets into progress 
reports. These progress reports or charts are similar to 
*Bethel, Tann, Atwater and Rung, Production Control, McGraw-
Hill Book Co., Inc., New York and London, 1942 
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the master schedule used in scheduling but they differ in 
that scheduled work :Is compared against production cs.paci ty 
in the master schedule whereas in the progress chart 
scheduled work is compared against actually completed work. 
Consequently a look at this chart (Fig.XVI) ,dll disclose 
whether or not production is lagging. If it is the order 
should be expedited. 
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VII Quality Control 
Need for Quality Control 
Since the very beginning of man's entrance into 
business quality control has been a basic fundamental for 
progress. It did not take long for the very first traders and 
manufacturers to realize that goods are purchased on a basis 
of quality, price and service. The high2r the degree of qual-
ity the higher the price which could be charged. It soon 
came to be realized, oftentimes through bitter experience, 
that those who upheld their quality specifications in propor-
tion to the market price prospered and an inferior product 
on the market, due either to poor materials or poor workman-
ship fell by the wayside. Thus we can conclude that the basis 
for quality control is competition. In order to compete 
successfully in any field you must produce a product which 
meets with those of competitors in the same price range. 
Competition among sellers assumes many aspects the 
basic three being price, service and quality. Quality as a 
factor in competition can take many forms but has not been 
so well exploited in industry as has price or service. 
Juran lists the opportunities to exploit quality in competition 
as follows: 
1. Design of product in a way which has high, cus-
tomer appeal from the standpoint of function, 
appearance, life, etc. 
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2. Knowledge of what is "market quality" and use 
of this quality to aid in striking the balance 
between cost of quality and value of quality. 
3. Development of a positive quality through "in-
variable delivery" of conforming product. This 
is an asset of the highest value, as any sales-
man can testify. 
4. Guarantee of quality of product in a way to mini-
mize any losses to the customer because of de-
fectives. 
5. Advertising the foregoing performance through 
propaganda, information, etc. 
6. Avoidance of any notorious failure which can 
deal a serious or fatal blow to quality rep-
utation.* 
Quality control therefore is an essential and in-
tegral part of every company. Whether it is not recognized 
as such as in the case of the primitive traders, or whether 
it is a highly organized staff function in modern industry, 
it is an inherent part of every sale. Now that I have estab-
lished this tenet the rest of this chapter shall deal with 
quality control in a specific location, namely, the job-
order shop. 
*J .H Juran, Q.uali ty Control Handbook, i-lcGra\•1 Hill, Nevr York, 
London and Toronto, 1951. 
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Quality Control Defined 
Rutherford defines quality control as including 
two distinct functions: 
1. The art of screening and accepting the least 
desirable parts that will satisfy given standards. 
2. The control of processes and machines so that 
parts will be produced within given standards.* 
In the first pha.se he is referring to the inspection of raw 
materials and purchased items which takes place before pro-
duction starts. The second phase, of course, refers to the 
in-process and final inspections which will be discussed in 
fuller detail in a subsequent section. 
This definition, although seemingly adequate is 
too subjective. That is, while it explains the function 
adequately it does not explain the essential motivation of 
the need for quality control and its span of influence. A 
more objective definition is offered by Juran i~ which he 
defines the concept of control of quality as the concept of 
preventing defects from happening. '#here acceptance is con-
cerned with judging the product after it has been made, con-
trol is concerned with events before the product has been 
made. Achievement of control is found, on analysis, to re-
quire four related ideas: 
L The idea of prevention. This is recognition of 
*John G. Rutherford, Suality Control in Industry, Pitman 
Publishing Corp., New York and London, 1948 
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the principle that it is better to prevent defects from happen-
ing than to let them happen and then to make the best of it. 
The concept of prevention is the fundamental philosophy of reg-
ulating events rather than being regulated by them. 
2. The idea of the scientific method for prevention. 
Prevention does not just happen; it requires scientific know-
ledge derived from reproducible experiment. This introduces 
the whole scheme of collection and analysis of data as means 
of acquiring scientific knowledge. The application of the 
scientific methods to the problems of preventing defects from 
happening is referred to as"statistical quality control". 
3. The idea of "staff" assistance. This is an organ-
izational concept-the realization the any extensive effort for 
collection and analysis of data requires time and skills not 
possessed by the shop supervisor. This effort must thereupon 
be supplied by some skilled functionary who does have the time. 
4. The idea of coordination. Use of the foregoing 
three ideas will achieve prevention. But they cannot be used 
singly. They must work togethar; they must be coordinated.* 
Job Order Control as Comuared to Continuous Process Control 
The quality control problems of a continuous process 
company and of a job company are very similar. Both types of 
companies must determine quality standards, both types of com-
panies have an inspection system to see if the manufacturing 
*J.M. Juran, ~uality Control Handbook, McGraw-Hill Book Co., 
New York, London and Toronto, 1951. 
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done in the shop deviates from the standards set by the en-
ginesring and production control departments, and finally both 
desire to keep inspection costs and the number of rejections 
as low as possible, a major difference is the~t job companies 
are continuously setting new quality standards because they 
are always receiving new jobs. On the other hand because a 
continuous process company manufactures the sa~e article new 
quality standards do not have to be set. Also a continuous 
process com~any is better able to employ statistical control 
and sampling inspection because from past experience it has 
data on which to plan inspection procedure. However, in soite 
of these differences, the quality control procedure is similar 
in both types of companies once the quality standards have been 
set and the amount of inspection necessary has been determined. 
Organizational Location of the Inspection Department. 
Since the quality of the work produced by the per-
sonnel under direct supervision of the production department 
must be inspected there arises a problem of departmentation. 
Immediately the problem arises as to whether the inspection 
department should be set up as a seperate function or whether 
it should come under the direct supervision an:i control of 
the production department. Many theories, pro and con, have 
been introduced concerning this question. Some have argued 
that the insoection department should come under the juris-
diction of the production department because the two are so 
closely related. This has its merits from a standpoint of 
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elimination of excess paper work and duplication, coordination 
of policies, and ease of communication between the t110 depart-
ments. Since one is so dependent upon the other one might easily 
be swayed by the convincing outlook of these arguments. But in 
order to complete the picture let us examine a negative theory. 
Peterson and Plowman assume a negative stand on the 
basis of the criterion of policy control. They explain their 
theory in the follo·,ling manner. A function may be assigned 
to a department because of considerations of nolicy control. 
That is to say, when the development and enforcement of certain 
policies demand constant and careful supervision, wide cleav-
age between specific activities must be avoided. Thus a func-
tion may be placed in an established department because it 
seems wise to control its activities, mainly in the interest 
of the division of the business to 'l'lhich it is assie:ned. At 
this point the reader may be confused because this theory 
seems to uphold the fundamental tenets of the positive argu-
ment, namely that the inspection departmcmt should be subord-
inate to the nroduction department. But let us ston a moment 
and analyze the theory. 
In the seperation of functions the criterion of 
oolicy control is also taken into account. Such a cleavage 
may be necessary in order to prevent the undue influence of 
one depart~ent upon another. In the production department, 
insuectors of product and processes should not report to the 
person under whom the manufacturing operations take place. 
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Often the work of one man is automatically checked by the 
work of another. OnG employee may make a uarticular' i tern 
which must fit a"l,4 hc•(',::>;:oe an essential ,oart of anothers out-
9ut. If the t<.vo em9loyees are subordinate to different ex-
ecutives, they are less likely to combine forces to circum-
vent the suecifications or instructions conta.ined in the orie:-
inal work order. Maintenance of lines of clea.vage between 
activities that should check each other is an important basis 
for subdividing. departments from the standuoint of policy con-
trol. Out of this principle there has developej the maxim of 
ore:anization that an inspector should never be suoordinate to 
the one inspected.* 
~uality Control Procedure 
The following example is illustrative of a typical 
quality control department in a medium sized job com))any. 
The first phase of the inspection department's •t~ork concerns 
the inspection of raw materials. As materials come into the 
company they are first checked for quantity and visible de-
fects by the receivine: clerk. He then fills out a receiving 
report 1dth four carbon copies. The one we are interested 
in is the insoeccion report. This report accompanies the 
~oods to the insr,ection department where the goods are in-
spected according to soecifications listed on the blueprint 
of the oart which is made uu by the engineerine: de,oartment. 
This inspection is made either on a saQJpling basis or on a 
*El:nore Peterson and E.G. ?lowman, Business Orsanization and 
Management, Richard D. Irwin Inc., Chicago, 1952. 
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~OO% basis according to the complexity of the item and records 
of the particular vendor's past performance, ths.t is, accord-
ing to the number of rejects found in nrevious orders. If 
the vendor has a good record and the part is not too intricste 
a samplins inspection will suffice. But, on the other hand, 
if past records show that the number of rejects in parts 
received from this particular vendor is hie;h then a 100% in-
spection may become necessary. 
Once the parts have been inspected the inspector 
fills out the inspection reoort indicatin~ the number of re-
jects and his or her number. This renort is attached to the 
route sheet and is either sent temporarily into stock or on 
to another department for further processing according to spec-
ified requirements. If the parts are sent to the stockroom 
the papers a.re signed by the clerk indicating that the parts 
have been received. The receiving report is then forwarded to 
the quality control department where it is filed as part of 
the vendors permanent records to be used for the purpose ex-
plained above. 
If further processing is required it will either 
be done within the plant or will be let out if the operation 
called for cannot be performed in the plant. If the processing 
is to be done within the plant the receiving report accompanies 
the route sheet to the deoartment specified on the route sheet. 
When the parts are being further processed the second phase 
or in-process inspection takes ple.ce. The job is set up on 
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one of the machines and the first piece run off is inspected. 
Tnis is to make sure the job is set up right. Finally when 
the actual production run starts a process inspector checks 
the parts every twenty to thirty minutes. The in-process in-
spector maintains a check-off list for every part which is 
nrocessed. By means of this check-off list a record of each 
job is maintained indicating the number of times a machine 
had to be stopped on a certain job, what machines do which 
job best, and the number of rejects on each job. This supplies 
the quality control department with a rvnning record of the 
job and also aids the scheduling department in scheduling 
machines for future runs on similar parts. 
If the further processing required is such that the 
parts must be let out, the material inspection report accomp-
anies the route sheet back to the shipping department along 
with the goods. The goods are then sent out to the processor 
on a seperate order. The papers are sent back to the office 
to be filed and for billing purposes. When the parts come 
back from the outside processor the procedure is the same as 
in the case of goods coming in for the first time. 
The third and final phase of inspection is that of 
inspecting the final product. Once the customer's order is 
completed it is sent to an inspection station where a 100% 
inspection is made of each item. If all the items live up 
to the customer's specifications the insoector stamps the 
route sheet indicating the fact, and the goods are sent to 
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the packing department or to stock according to instruction. 
Another form of inspection is performed by the 
engineering department. On products where specifications 
call for special laboratory tests samples are sent to the 
engineering department where the special equinment required 
for these tests is located. These tests constitute a form 
of applied. research mentioned earlier in this thesis since 
the results are used. in subsequent orders of the same material. 
RelationshiP of Quality Control to Production Control 
Quality control, if considered in all its economic 
aspects is related to or at least influences practically every 
phase of production control. Quality must be considered in 
production forecasting. A company may increase its sales 
by producing a unit in a different price range. Another 
reason is that quality in some instances is unaffected by 
price and. so by increasing the quality of an item price can 
also be increased without affecting sales. This is especially 
true in a job company where price, to an extent, is subordinate 
to quality. Product development must also be closely assoc-
iated with quality considerations. Products must be developed 
to meet market requirements of quality, as well as to insure 
ease in cnanufacturing. 
Inventory control and. purcha.sing functions must be 
performed in relationship to the aspects of quality and quan-
tity. Quality standards in production cannot be maintained 
if the purchasing department provides inferior rav1 materials. 
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However, high quality raw material alone does not insure a 
high quality finished product. Quality standards must be 
considered in determining the routing for a Product. The 
routing must be such that the correct machines are used to 
produce the desired quality. If quality standards demand 
close t~lerance work, the material must be routed to the 
machines most capable of producing close tolerance work. The 
route sheet must also make orovision for the necessary in-
spections. If the product must be inspected after a certain 
number of operations then this must be soecified on the route 
sheet. 
The scheduling group must also consider the in-
spections, when they are to take place and how long it will 
take to perform each inspection. In scheduling the inspection 
:nust be considered the same way as any other operation and 
care should be taken that the inspection department is not 
overburdened and production on any i tern slowed dmm. The 
work must then be dispatched to the· correct inspection points. 
Finally provision must be '!lade to follow-up on the items 
being produced as they are undergoing inspection. Because 
inspection is a seperate operBtion the follow-up procedure 
should make provision for the step just as for any other 
operation. 
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VIII Cost Control 
Puroose of .!! Job Order Cost System 
The purpose of a job order cost system is to 
assemble the cost transactions in a fashion whereby the 
cost element transactions each day must be attributed to 
the various job orders to which they comply, in order 
that the cost of the specific jobs can be ascertained 
immediately upon their completion. On this basis, the 
cost of defective work and credits for reclaimed and scrap 
materials are allocated directly to each specific job, in 
addition to being journalized for posting to the ledger 
accounts. A seperate job cost sheet is kept for each in-
dividual order, and on it is posted each cost detail." 
The necessity for job order costs arises from 
two causes. In the first place, a job order comes into 
existence after the receipt and analysis of the customer's 
order. A contract price is quoted to the customer which 
establishes the selling price. Segregation and collection 
of the cost element expenses make possible a comparison 
between the selling price and the cost. From the comparison, 
it will be ascertained whether or not the price quoted to 
the customer was too low, and whether or not the cost-ele-
ment expenses 1-Tere too high. In the second place, a record 
of each completed job order is filed away with a descrip-
tion of the commodity produced. This record is valuable. 
*Clarence L. Van Sickle, Cost Accounting, Harper Bros., 
New York and London, 1947. 
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for the purpose of quoting contract prices to prospective 
customers on like or si~ilar orders received in the future, 
Quoted prices on future customer's orders can be made more 
intelligently where there is a record showing the cost of 
like or similar orders previously manufactured, together 
with the problems met with in the previous manufacturing 
processes.* 
Me~hod of Determinigg Cost and Selling Price 
When a company is setting a selling price two 
factors must be taken into consideration, namely costs and 
competitive prices. The basis of a selling price is set 
primarily from the standpoint of competition but there 
,nust also be a definite relationship between cost and sell-
ing price if the company is to remain profitable. Under 
a job cost system a company generally will determine its 
selling price by estimating material cost from past exper-
ience, estimating labor cost from experience and applying 
a percentage of direct labor cost to determine the estimated 
total overhead cost and thus the total production cost. This 
estimate is essential because a company must quote a def-
inite selling price to the prospective customer. It cannot 
produce the item and then quote a price. 
After estimating selling and administrative ex-
penses, a percentage must be added for profit, but the 
*Charles Reitell, Cost Accounting Princioles and Methods, 
International Textbook Co., Philadelphia, 1933. 
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total must be altered in order to meet competitive prices. 
Even when the job has been completed, delivered, and oay-
ment received the company must determine how accurate its 
estimates were for a particular job. This is especially 
necessary to aid in determining selling prices for future 
orders which may be somewhat comparable. 
Cost Accounting Procedure 
Because of the time and clerical work involved 
in determining costs it is practically impossible for a 
comparatively small manufacturer to calculate all costs 
himself. Because of this many small companies are forced 
to rely on a commercial service such as the International 
Business Machine Company which through the use of highly 
mechanized machinery can compile data at a fee which is 
much less than the cost of the manufacturer doinf it him-
self. The following procedure for determining costs is 
one which would be employed in conjunction with the IBM 
Company. The procedure itself is no different from that 
of a larger firm with its own machines except that all 
mathematicial problems are eliminated. 
The basic form used in job order cost accounting 
is the cost sheet upon which is recorded the cost of mater-
ials, direct labor and burden incurred in the production 
of a specific order. This is a 11final 11 form, that is, it 
is a su~~ary card. The actual mechanics of the procedure 
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is involved in gathering the data which goes into the cost 
sheet. We shall take each of the three basic elements in 
turn and find out how this data is compiled. 
Materials-When a job goes through the plant in 
the process of being produced, naturally, materials, are 
needed all along the way for specific operations. The 
person requiring this material must fill out a material 
requisition (Ref. Fig. XIII) for each part he needs and pre-
sent this form to one of the clerks in the materials stock 
room. This form should contain the following information-
the date of issuance, the quantity issued, the part number, 
the job number, a brief description of the part, the num-
bers of both the person who requested the material and 
the person who issued it and finally the department where 
it is going. At the end of every day these cards are sent 
up to the inventory control department where the parts 
issued are entered on the inventory control ledgers to 
maintain a daily showing of the number of parts in stock 
and also to inform the purchasing department when to re-
order. The cards are then checked to indicate that they 
have been entered on the inventory accounts, and then 
sent up to the cost accounting department. Here the unit 
price of each part is entered on the ce.rd and the value 
of the lot (unit price X quantity issued) is also entered. 
The cards are then sent to I B M for punching and verifi-
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cation. Periodically Cusually monthly) the cards are re-
turned sorted according to jobs and the summaries (total 
material cost) for each job are merely transferred to the 
job cost sheet for each specific order. 
Direct Labor-Workers are naid either by an hourly 
rate or by a piece rate with various modifications. In a 
plant paying by an hourly rate some other incentive must be 
applied to keep output at a maximum. A typical incentive which 
is applied today is the profit-sharing plan whereby an em9loyee 
receives an additional bonus in proportion to output. In the 
following illustration we shall assume a plant paying wages on 
an hourly basis with some added incentive to compensate for the 
absence of piece rates. 
There are two basic forms used in this instB.nce. They 
are the I B M clock card and the job cost card. The procedure 
is thus. As each worker comes in in the morning he 11 punches 11 
his clock card (Fig XVII). On this card is entered his daily 
hours, his name, number, and rate per hour by the payroll de-
partment. These cards are then sent out to I B M and the in-
formation is returned to the cost accounting department. With 
this in mind let us examine the job cost card. This card (Fig 
XVIII) is filled in by the timekeeper and should contain the 
following information-the job number, the date, the operation 
number, the pieces produced, the pieces rejected, the employee 
number and most important the time it took to complete the job. 
As each operation is started the above information is filled in 
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and the card is sent to the cost department at the end of each 
day. This is done for each individual operation called for on 
the route sheet. In the cost department the employees rate is 
entered on the card and by a simple process of multiplication 
(rate X hours) the labor cost for the operation is derived. By 
taking the rate from the clock cards and applyins it to the job 
ticket the wor:,ers who work directly on production, that is, 
direct labor can be segregated from indirect labor for purposes 
of costing. 
Finally the job tickets are sent to I B M where they 
are ounched, verified and summarized. The information is 
then returned and the summaries (direct labor cost) are again 
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merely transferred to the job cost sheet for each soecific order. 
Burden-The hardest element of cost to control is over-
head. Factory burden comprises all manufacturing. costs other 
than direct material and direct labor. The more imoortant items 
of factory burden in any industrial estabUshment are the fol-
lowing: 
1. Taxes 6. Indirect labor 
2. Depreciation 7. Indirect material 
3. Insurance 8. Pov1er, li~eht and heat 
4. Rent 9. Supervision 
5. Maintenance 10. Factory accounting 
Factory Burden-apolies only to goods oroduced and 
must be distinguished from selling and administrative expenses 
1vhich aCJply to e:oods sold.<} Here we are concerned mainly 1vith 
factory burden. To summarize without goine: into freat technical 
*Samuel ·.v. Specthrie, Basic Cost Accounting, Prentice-Hall Inc., 
New York, 1950. 
detail we may say that burden is arrived at by taking the ex-
penses listed above and applying them to the various deoart-
ments on a predetermined percentage basis. This percentage 
will, of course, vary with the individual company. The amount 
aoportioned to each department is then applied to each indiv-
idual job depending on the number of jobs produced within the 
time period under consideration. Finally this amount is trans-
ferred to the job cost sheet and added to the direct material 
and direct labor figures. The total figure is the "cost" for 
the job. 
Advantav.es and Disadvantages of Job Order Cost Control 
The chief ad.vantage of a job cost system is that 
the cost of each job is made available, which makes possible 
the calculation of the gross profit. Some companies provide 
space on their job cost records for the estimated cost of 
each job in terms of the cost elements. Upon completion 
of the job the actual costs applicable to the job are en-
tered ooposite the estimated costs in order to show the cost 
variances. Therefore, the contract price for the job, when 
compared ~ri th the actual cost will disclose whether or not 
a sufficient gross profit margin was earned. Tne cost of 
a special job is always estimated in advance, and this es-
timate is usad as a guide in arrivine; at the selling price 
quotation. By comparing the actual job cost with the esti-
mated cost, it is possible to see the amount of the cost 
variation of the different cost elements. This procedure 
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is useful in checking unon the accuracy and efficiency of the 
cost estimators. 
There are numerous disadvantages in the use of a 
job cost system. The actual and estimated cost comparison, 
while seemingly an advantage, does not solve the problem of 
excessive job costs. The excessive cost is not v~own until 
after the job is completed, which is an inherent part of 
this type of an actual, historical cost system. Another 
disadvantage is the cost of maintaining such a system. 'Yhe 
necessity for making numerous detailed nostings to indl..vid-
ual .1 ob order cost sheets means increased cLerical costs or 
requires mechanical anoliances (IBM). Probably the most 
serious disadvantage is that all effort is concentrated 
upon the gathering of individual job order costs rather than 
uoon the more important measurement of productive efficiency. 
Relationshio of Cost Control to Production Control 
It can be said that cost information is the basis 
for establishing a production control system in a comoany. 
Production efficiency is measured by cost. Low costs mean 
high efficiency and by the same token if costs are relat-
ively high in comparison to estimates then it is obvious 
that efficiency is not at its optimum. Because of this 
it is important that ee.ch operation in the plant, whether 
it is productive or indirect labor, should be known and 
put to use in the control of production. By cost control 
the cost of producing each unit can easily be determined. 
This information is the basis for determining the selling 
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price, and the selling price of the product, to a ~reat de-
gree, determines the production forecast. That is, if the 
comDany's cost is lower than those of its competitors', nat-
urally the forecast for future sales should be optimistic. 
Accurate information about production cost and overhead 
cost for each unit must be known in order to establish a 
selling price ':rhich in turn must be known in order to estab-
lish a production forecast. 
Cost is also a consideration in the product de-
velopment program of a company. Naturally a new product 
will not be undertaken if it does not seem commercially 
feasible. Tnerefore, it is desirable that cost informa-
tion be available for analysis of a product development 
to see if the program is worthwhile. With standard costs 
available for raw materials it is possible to measure the 
effectiveness of the purchasinr: department and the inven-
tory control system. Also by multiplying the standard 
time for each operation by the operator's hourly rate of 
pay the cost of each operation can be determined. By us-
ing these cost figures the routing department can route the 
work in the least expensive manner. That is, they can use the 
equipment that will produce the item at the lowest total unit 
cost. 
The overhead costs for each operation often in-
dicate the efficiency of the scheduling group. If the over-
head costs are increasing, it might mean that the mc:.chines 
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are not being fully ooerated. The scheduling department can 
do much to keep factory burden to a minimtun, so by comparing 
factory burden costs 1tli th previous costs the efficiency of 
the scheduling department can be measured to an extent. In 
the same way cost figures measure the efficiency of the dis-
patching, follow-un and quality control departments. 
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IX The Fisher-Pierce Comoany and Sigma InstrQments Incorporated 
Historical Background of the Comoany 
The Fisher-Pierce Co. was founded and incorp-
orated in 1938 in Duxbury, Hassachusetts by four men all of 
whom are still with the company. These four men are Richard 
Fisher, president; Robert Pierce, application engineer; Homer 
Jansen, tool design engineer; and Ted Peterson, plant engineer. 
The first factory was a two-car garage in which they designed 
and :nanufact'..lred their first products '>~hich were a marine 
speedometer and a sslf propelled toy boat. 
The business v12.s fairly successful an:l due to 
this fact a. policy of minor expansion was started. In 1940 
a small shop was started in Lawley's Shipyard in Dorchester, 
Mass. "'ith a total work force approximatine; eip:ht peoule. 
With exnandine; business this shop soon proved inade·:c'..late and 
in 1941 a new location 1~as moved into on Freeport Street in 
Dorchester. It was during the stay at Freeoort Street that 
the Sigma InstrQments Company was added to the firm. An ad-
vertisement was soen in a local newspaper that a ma:1 had a 
oroduct to sell and 11as seeking fina!lcial aid. This product 
11as the Sif.ma Electr-:Jnic Relay. The sepera te products hovl-
ever are still prod.uced under their respective trade ne.mes 
and although management is centralized the com;Jany doss bus-
iness as tHO individual firms. They a.re seperated to t8e 
exteYJ.t that the Fisher-Pierce Company manufactures electroYJ.ic 
controllers and Sigma Instruments Inc. manufactures sensitive 
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relays. A.'l interesting note lies in the fact that the pro-
ducts which started the Fisher-Pierce Co. have been entirely 
abandoned. The patent rights to these products were sold to 
the Kingsbury-Shal-l Co. located in Holliston, Hass. 
With the outset of World War II the sensitive 
relay was in great demand by the u.s. ;:tovernment and due to 
the new influx of orders a program of exoansion again proved 
necessary. In 1943 a nelv location was purchased on Ceylon 
Street in Dorchester, Mass. and here total e~oloyment at its 
peak numbered t1,ro-hund.red and seventy-eight ::>eople. During 
the war <Jost-war plans Here beine; formulated and as a result 
a photo-electric street light control v1as developed for civi-
lian needs. With this added line and a continuance of govern-
ment contracts expansion again made it necessar:r to move. This 
move was mde in June, 1951 to the present location at 170 
Pearl Street, South Braintr. e, l~assachusetts. Presently, 
approximately six-hundred and fifty people a_re employed by the 
company. 
The comoanv is not unionized and it is not likely 
- " 
that they will become unionized since they maintain a policy 
of extending a liberal vacation ulan, emoloyment of handi-
capDed lVOrkers, equitable wages a.nd a unique profit sharing 
')lan in 1vhich employees may participate after tlVO years of 
employment. This ulan supolies an incentive for Harkers to 
stay on and increase productivity. 
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Since each product is a specialty ite:n and must 
be made to fit the capacities of the machines they are de-
sie:ned to regulate, naturally, each customer's order ~~ill 
differ as to specifications. Consequently, orders must be 
prod'-lCed in job-lots and seperated. Because of the ssnsi vi ty 
of the product manufactured plus the fact that orders e.re 
produced in job-lots it is necessary to out a great deal of 
stress on engineering and maintain a large engineering staff. 
Or~anizational Structure 
The comoany is organized on a line, staff and 
functional basis. The president is mostly concerned with 
the enginec7ring aspects of the business in which he takes an 
active part. As a result of this added responsibility which 
he has imposed upon himself a great deal of authority has been 
delegated to the works manager who is actually the operating 
head of the company. A major staff department is the develop-
ment engine.sring department which carries on both applied 
and pure research to an extent. This department reports 
directly to the president and acts in an advisory caoacity 
to the sales and planning departments which are functional. 
The other staff department is the personnel department which 
is merely a service function and can only plan and make sugges-
tions to functional executives. This department carries on 
the functions of hiring, discharge, transfer, promotion, lay-
offs, recreation and first aid. It :nust be remembered that 
this department can only recoillflend and make suggestions and 
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has no downward flow of authority. 
There are four functional executives, namely, the 
treasurer, the chief engineer, sales manager and the planning 
manager. Also on a par with these, but not considered a 
functional ex,2cutive in the strict sense of the word is the 
factory superintendant who exercises a great deal of author-
ity and reports directly to the works manager. The line 
executives report directly to the functional head under whose 
jurisdiction they are placed. A breakdown of the flow of auth-
ority is as follows: 
Treasurer-Under the authority of and directly 
responsible to the treasurer are the accounting, cost 
accounting, payroll and billing departments. Each of these 
departments is run by a line executive who reports directly 
to the treasurer. 
Engineering-Under the jurisdiction of the chief 
engineer is the production engineering department whose only 
functions are testing new products, apolied research and 
functional engineering. A seperate depart~ent under the 
jurisdiction of the chief engineer for obvious reasons is 
the drafting department. Both of these line executives re-
port directly to the chief engineer. 
Sales-The third functional executive is the sales 
manager. Reporting directly to him are the individual sales-
men and the application engineering department. In this 
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case the application engineering department serves as a ser-
vice department to sales and could be conceived as a staff 
function since the direction of the flow of authority is some-
what equated by the personality of the individual in charge 
o~ application engineering. 
Planning Manager-The fourth major executive is 
the planning manager. Reporting directly to him are three im-
Portant line executives. The first of these is the ourchasing 
agent Wl'lo has jurisdiction over the individual buyers, the 
ex,:editing de·oartment which is an all important function in a 
job company, and the stockroom including the foremen in charge 
of shioping and receiving. The second is the executive who 
is in charge of production control. His job is mainly one of 
coordinating. He must see that the flow of •,-:ork is never 
inte1·rupted by planning ahead of schedule and anticioating 
future orders which in the case of a job shop is no easy task. 
Directly under his supervision is the inventory control de-
oartment. The third of these line executives is the schedul-
ing ~anager who also acts as a central disPatcher. Under his 
jurisdiction is a staff of clerks vl''lo dispatch orders to the 
seperate depe.rtments. 
Factory Suoerintendant-Finally, to round out the 
nicture let us examine the functions of the factory suoerint-
endant and the departments under his command. There are six 
li"le executives who report directly to the factory superin-
tendant. The f'irst is the olant en('ineer 1·1:'c:J is responsible 
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for all maintenance, renair 1·10rk o.nd ,-afety engineering for 
the physical layout of ths whole nl2.nt. Another department 
is the timeke''Pins department '1;hose function it is to record 
wor'; performed and credit each opere. tor e.ccordingly. A 
third department is methods engineerins ·.-~here time studies 
are nerformed and a orosram is devoted to increased effic-
iency thr:JUghout the nlant. Next is t':te c:uality suJervision 
denartment .,,hich •.•orks in con_j unction with the en[ineerinc 
de:Jartm·ant in determininc standards ond cnecifico.ticms. The 
fifth of these is the tool denartment which is a very imnor-
tc·.nt line function. This de·-Je.rt<nent is res JO:lsible for U1e 
design, mE•.inteno.nce, sun·•Jly end renc.ir of '".ll S•Jcci.:'l tools, 
dies, _1ie;s o.nd fixtures used thrmwh<:mt tiL c::Jmcany. Finally 
the inspscti0n :Je~Je.rtuent c0mes Wlder the f'ctctory su·--,2rin-
tendant. It is the duty of this deoart~ent to see ta~t the 
standarde and snecificati-Jns set by the ~n5ine2ring de~srt-
mGnt ~ra ~dhered to. 
The f··)l.-.e~en in chsrc:e Jf' the v~-vrious :nc.nuf~.ctur­
inc ae·,~rt··J0nts ?.re ~ccJUlltPble t~ all six 0f the line RX-
ecutives named Ebove. In order to cive the re2der ~ clearer 
illustraticm I h:lve c--mstructed a chert (Fig. XlX) un·m v1hich 
all lines of auth~rity are clearly marked. 
PLnt Lavout 
The 'Jla.nt is located in South BraJntrea, a.dj2.cent 
to the reilr-~a.::l sts,tion. AlthO\.\!C~' t',::J LarF:: DL'nts b:Jrder 
the boundaries of this one, the town is n~ted tJ ba B resid-
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ential district and the supply of labor is plentiful. A~Tcwox­
imo.tely one-third of the v1orlc force moved with the comnany 
from Dorchester 2nd t::tey still commute some ten-od:1 miles 
eac'-1 1·1ay. The ratio of W:Jmen to men is :'.;nroxi~:l''tely tvlo-
to one. Since it is ~- residential district many housev.'ives 
c,re t:lc,d to w:>rk only s few blocks fr:Jm home, many of them 
f Jint; home to lunch everydccy. Let us no1·1 look at the interne.l 
lay:>ut of the nlant. 
There Hre t110 floors ;;1 th the "''' j ori ty Jf t.B oper-
ations beine: performed on the first flo:Jr. On this floor 
is the main office, the en,c:ineerin,s la'Jore.tory, the main assem-
bly department, the sub-asEembly de~artment, the stoc% room, 
the tool room and the f2bricati::m depe.rtment. Also tlE re-
ceivill6 o.nd shiooinr< deoartments are located :>n this floor. 
As ,,_,as noted in the outline of tne be.Ckf.round of the com :eny, 
there are two sepera.te comoanies e.ctually consolid::.ted under 
one roof. The factory is so laid out that the first floor 
might 1vell be called the Sigma Instru:nents Inc. olant and 
the second floor the Fisher-Pierce Co. Now let us move up 
to th: second floor. On this floor is locate~ the oerson~el 
de::>e.rtment, the cost C·Tntrol .:Jepartment <e·.n:'l the c2.feteria in 
one section. In the sec ::md ba.y is located tl1e 11s.in body 
whic,• r)roduces the Fisher-Pierce Photoelectrl.c Street Lisht 
Control. Also here are located the coil windin~ ~nd salvage 
deDo.rt!llent \·:here rejects ore te.lcen 8.Dart an:.: th·c. fOOd :J9.rts 
salvs.ged. FinF.lly there i8 :o· be-y i'or stJrs.::;e of cartons for 
packing and shipping anj a section is caged off for the main-
tenHnce crew. The last be"y on the second floor is rented out 
to one of the b:Jrjering com>Janies for store.~·e snc•.ce. In 
order to Give the rsader a clearer view of this cicture I 
hD.ve inclu~ed c dre.1-1ing of the clont (Fig. XX). Ths scale 
of this dra"winp; is a"por0ximately 20 ya"rds = 1 inch. 
Products Produced 
In order to get ~ clear cicture 0f the croducts 
produced let us look at each product separately. First let 
us look at the Sifm." Rel?.y. A relay ms"y be defined ccs a 
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device for utilizing weak electrical signals to control cir-
cuits carrying lare:e s.mounts of power. Sismc relays c.re avail-
able either as "standard" relays with gener"l nurpose adjust-
ments or as 11 snecified01 relays adjusted and adapted Llr par-
ticular reouirements involving unusual ar exactinf circuit 
beh~.vior. It is oecause o! the gree.t emaunt af snecified 
relays oroduced th:t the comoany must o:Jere.te an P j:Jb shop 
basis. Each order is produced as it cames from the customer 
and vary fe\·1 relCJys are manufactured fJr stock. The six 
standard tyne rele.ys oroduced by the C'Jmoany are de·~icted on 
Ec chart obtained fram a brochure of the comcany (Fig. Y~'<l). 
The second main line croduced is the Fisher-
Pierce Photoelectric C:Jntrol used princically for multiole 
and series street lie:htine: syste:ns. This c ·mtrol automa-
tic2lly turns on and shuts of: street li~hts at a certain 
ve.lue of foC>t-cendles. That is, when the sky is illuminated 
v 
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SWITCH 
TYrE 
(MAX. 
CONTACT 
ARRANGE-
MENT) 
SPOT 
(1-Q 
SPOT 
(1-Q 
SPOT 
(1-Q 
-4POT 
(4C) 
SPOT 
(1-Q 
DPDT 
(2-Q 
I 
I 
I 
I 
I 
I 
SWITCH 
RATING• 
i omp. 
'lomp. 
i omp. 
some 
sty I .. 
5 omp. 
'lomp. 
5 amp. 
with SPOT 
DPDT 
'lornp. 
'lamp. 
I 
l 
SENSITIVITY 
Maximum 
(Standard) 
.Oi wett 
DC 
.001 wett 
DC 
"Alrcraft"t 
.0-4 wott 
DC 
.010 wott 
DC 
I .007 wott AC, 
intemol rectiAer 
. 015 wett AC, 
internol rectihr 
.0-4 wett Not generolly 
DC recom!Wended 
0.1 VA Not generolly AC recommended 
60 cpo. 
.05 wott - 4C contects 
.01 'l wett - 1 C contects 
DC POLAIIIZEO 
.001 watt, switching, gen 'I 
.0001 wott, lceying setting 
DC I'OLAIIIZED 
I .0-4 wett DC - 'lC contects .Oi wett DC - 1 C contects I 
MAXIMUM 
COIL 
RESISTANCE 
OR 
IMrEDANCE 
1i,OOO 
ohms 
16,000 
ohllll 
12,000 
oh1111 
t90,000 
ohms 
i5,000 I 
ohiWI 
(1 2000/1 2000 
in duel coils) 
1!,000 
ohms 
(3500/3500 
in dual coils) 
12,000 
ohms 
MAXIMUM 
COIL 
DISSI~ 
rATION 
I40°C risell 
1.5 
welts 
85°C 
1.0 -tts 
loOc-D.C. 
as•c-A.c. 
1.5 
welts 
100°C 
2.5 
VA 
100°C 
3.0 
watts 
85°C 
1.5 
watts 
85°C 
1.0 
watts 
100°C 
I 
I 
I 
SrEED 
RANGE•• 
MC. 
sec. 
sec. 
I .001-.007 
sec. 
I sec. 
* Nominal, 24VDC or I 15VAC resistive; medium-duty 
life. eg. 100,000 operations. 
f Any duty involving vibration up to JOg while in use. 
** Approximate, as governed by normal variations in 
driving circuit. 
t At operate voltage, operated. Unoperated, approx. 
1f2 this value. Varies inversely with applied voltaqe. 
F.G.'XXI. 
PARTICULAR 
FEATURES 
price, unsitivity, 
and pnc.ision. 
High MMitivity, ahock ,... 
sistanea, riability, ancl 'libra· 
tion Nsirienu • 
H;g~ AC .. ..m.;ty, long 
machaniul ttfe: fa~oocl 
fo. puls;og; ~;9~ lood ~•I· 
ings possible; low ptiu. 
Pol•n-1; bW...d, lotc~;ng 
0< 3-poomon (nul~s ... lng); 
high gAiA (load powar/op. 
aratirHJ power ratio) ; muJti-
contad. 
Pol•n-1; IN ... d. lotch;ng, 
.. 3-posffio· , ........ ;.,). 
Fw tolotypo ••d .. y;ng 0< 
pulsing, aho switching and 
coatrol fyf'tdions.. 
Miniat1111re, cloubla·pole ; 
mui"""" shock res.istanu 
aftCI prKiliOf'l. 
§ Sum of ambient plus temperature rise not to exceed 
temperature given for each relay. Thermal time con-
stant varies from I 0 to 30 minutes. For higher tem-
peratures. inquire of factorv. 
1-' 
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to a certain extent the lights automatically go off and in 
the evening when the sky reaches a certain degree of darkness 
the lights go on. These too are manufactured in different 
variations from standard according to customer needs. A list 
of the standard models is also available for tQis product 
(Fig XXII). It is well to note here the pricing -:)olicy 'rlhich 
apoears in this brochure. The policy may be summarized in 
the following four steps: 
1. All prices are subject to change without notice 
2. Prices are F.O.B. our factory. 
3. Terms are net 30 days. 
4. There is a minimum charge of $2.00 on any order. 
Functions of Production Control 
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In order to get a concept of the princioles out-
lined in the previous chapters as they are aoplied in a spec-
ific instance this case study of a typical job shop has been 
undertaken. The following is a brief outline based on personal 
intervievrs with the men in charge of the production control 
functions. This outline is illustrative of an order from the 
day it is received until the customer finally gets it. In 
this comoany there are four departments through which the 
new order must travel in the course of beinG ~c)roduced. These 
four departments are Sales, Engineering, Procurement and Pro-
duction in that order. 
The first department to handle the order is the 
sales department. The comoany maintains a e:eneral oolicy 
ORDERING INFORMATION 
MODEL 
NUMBER DESCRIPTION 
61300 ....... For 120 volts, S0-60 cycles 
Contact Rating 500 walls 
Contactor closes contacts at night 
61302 ....... For 230 volts, S0-60 cycles 
Contact Rating 500 watts 
Contactor closes contacts at night 
633008 ..... For 1 20 volts, S0-60 cycles 
Contact Rating 3000 watts 
Contactor closes contacts at night 
633028 ..... For 230 volts, S0-60 cycles 
Contact Rating 3000 watts 
Contaclor closes contacts at night 
633208 ..... For 120 volts, S0-60 cycles. 
This model has two load switching cir-
cuits: One has a rating of 3000 walls 
of direct-connected lighting load and 
closes at night; The second has a rating 
of 500 watts and ope n s at night -
this second circuit is cus tomarily used 
for the control of normally energized 
pilot-wire relay syste ms. 
633408 .... Me rcury-vapor light control 
For 230 volts, S0-60 cycles 
Double-pole, single-throw 
Contacts close at night; rated 1 500 watts 
per pole 
KST ........... Auxiliary contactor with outdoor enclosure 
For 1 20 volts, S0-60 cycles 
Double- pole, single-throw, normally-open 
contacts 
Rated 1 500 walls per pole 
KST -2 ........ Auxiliary contactor, same as KST except 
coil for 230 volts, S0-60 cycles 
S-23 .. .... .... Swivel bracket for cross-arm mounting of 
the Series 633008 control to permit 
orienting the phototube to face north. 
A-19 ......... lightning Arrestor 
For Use with Series 633008 controls only 
G . E. Model 9lA 1 SA 1 Pellet type 
Supplied complete with cover and with 
bushing for direct connection to meter 
socket 
Note: The A- 19 arrestor can be factory in-
stalled on the meter socket using the 
lop tapped hole. When this is desired 
specify installation on the purchase 
order. 
A-20 .. .. ..... Lightning arrestor for separate mounting 
with Series 61300 or 633008 controls 
G.E. Model 9lA 1 SA4 Pellet type supplied 
complete with bracket for pole or cross-
arm mounting 
MODIFICATIONS FROM STANDARD 
Any of the above four models of th e Series 633008 controls 
can be suppli ed without the meter socket assembly , Order 
by adding the letters WS to the desired model number . 
(Exampl e 63300B·WS). We will ship only the control chassis 
plus the glass enc losure. 
For specia l applications the standard meter socket assembly 
can be supplied with reducing fittings. Consult t he factory 
for price and delivery . 
Electrical modifications of the street lighting model& are 
available for the control of aircraft obstruction lights on 
radio tower, smoke stacks, or any high obstruction. Ask for 
Bulletin 633058. 
Fisher-Pierce controls oro shipped only F.O.B. tho factory. 
Terms are net 30 days for open rated accounts. 
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that no order is too small or complicated to accept. A small 
order is considered to be twenty pieces or less (relays or 
street light controls). On orders exceeding 20 pieces a quan-
tity discount is given to induce customers to order over this 
amount. Before the sales department can accept an order they 
must first determine whether they are capable of suoplying 
the item desired (i.e. are the orooer tools, equioment and 
machinery available) from a production standpoint. If the 
prooer facilities are not available then it must be decided 
whether the product can be varied and still satisfy the cus-
tomer's needs. This decision is left up to the engineering 
department which as was noted previously is a CJost important 
function because of the sensivity of the product. 
Manufactured items in both the Fisher-Pierce and 
Sigma units are sepera ted into t1~0 broad classifications; 
(1) standard and (2) specialty items. If it is a standard re-
lay or contr:>l it is merely fit into the production schedule 
on a time basis. If it is a specialty item (i.e. not normally 
rnanufactc'r·2d) and the variation from standard is due to a 
difference in materials or method, production cannot start 
until the necessary materials and tools (special jigs or fix-
tures) are acquired. In this case suppliers must be contacted 
to determine whether these i terns are available and hO\v soon 
they can be delivered. Once this has been determined the order 
is fit into the time sch2dule and the cost to us and to the 
supplier is figured out by the cost department. According to 
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how the order is fit into the time schedule a deli ver;r date 
is arrived at. This information is then tr'l.nsf'"rred to the 
customer's acknm·rledgement and the order is ready for furt':ler 
planning. 
The amount of scheduling in t':lis particular Ce>LJ-
pany depends on (1) the total quantity to be delivered an8 (2) 
the rate of delivery (quantity in units Der specified length 
of time). It is because of this that the purchasing de?art-
ment is introduced at this point. Instead of havin,· one large 
capite>l expenditure by placine: the order for materials all at 
once, large orders specify that a certai~'l a!llount be sent per 
month so that the cost of the materials will ·oe soread out 
over a longer period of time thereby eliminatin::; the risk of 
having a large amount of capitol tied uo in inventory. Also 
in orderine: materials a certain allowance is made for rejects. 
In this type of industry (electronics) an estimate is usually 
set at 2%. I:· the number of rejects exceeds this amoun.t an 
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investigation is conducted to determine the cause. In ordering 
mate:'ials for jobs in l-Thich pre-fabricated parts are to be 
used a period of 11 lag 11 must be tal~:en into consideration. In 
general there are two types of pre-fabricated parts, (1) 
articles ,.;hich can be put into production as soon as they 
are received and (2) articles which require further processing 
before they can be used in actual production. Under the 
first class a ge>od example would be screw ~Jac'line parts which 
would merely be covered by an ordsr dated for delivery. Under 
the second class a good exam:0le would be bobbins \vhich are 
used to make coils for the Sigma Relay. This article must 
be ordered so the necessary amount will be delivered five 
days in advance of its need for the final urocess. In this 
instance five days is the time required to process a lot. 
When more than one raw material is required it is necessary 
to schedule delivery dates allowinp; a consideration for our 
own manufE,cturing time plus our own process time. Let us no1v 
recapitulate and examine the actual routing and scneduling 
procedure. 
When the order first comes in the sales department 
interprets it an~ sees to it that the article has the proper 
nomenclature. Next the order goes to the engineering depart-
ment where a drawing is made and the possibility of manufac-
turing it is determined. Then the work order or route sheet 
must be drawn up from the sales order an' t'le rnanufe,cturing 
phases determined. Now the order goes to the procurement 
department in the form of a purchase requisition so that the 
proper material will be on hand when needed. Once again the 
importance of this must be stressed. This is a matter of 
prime importance. The proper material must be available at 
the proper time. All this information is necessary in order 
to give the customer a dalivery date which can be met, al-
though as is often ths case, delivery dates are quoted to 
customer's from the history and experience of manufacturing a 
similar product. Also, the procurement department must be 
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exact lvith their suppliers due to the nature of the shop. 
A basic problem which confronts this company at present is 
the inability of suppliers to meet their promise dates. If 
a sun:olier does not deliver by the 11 due date" then the whole 
order must be rescheduled. 
Once this preliminary work has b2en completed 
and all narts have been received the order is ready for pro-
duction. Sub-assemblies are started on parts w,1icn are pre-
fabricated and once they are completed, the materials to-
gethe" with parts fabricated in the plant are sent temporarily 
to the stock room \vhere they are requisitioned out to the main 
assembly department under the authorization of an assembly 
work order. Because of this system an accurate inventory 
control check must be kept so that it can readily be determined 
if t'1.e required amount is on hand for the final assembly. 
Final assembly is the smallest part of the whole 
process. The biggest factor to consider here is time be-
cause it is in tnis department the.t it is often dete•c•mined 
whether or not the finished nroduct will meet the delivery 
date which was promised to the customer. The main assembly 
operation is chiefly a process of attaining the proper adjus-
tments so the product will work as so specified. An impor-
tant nhase of this operation is, therefore, final inspection. 
This is not to be confused with adjustment which is the 
attainment of the proper coordination of all narts at the 
proper time. Inspection in the electr,::mic industry comes 
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under two e;eneral classifications, (1) visu01l and (2) test-
ing with electronic measuring devices to determine whether or 
not the article will actually work. Finally, before being 
sent to the shipJins department thsre is another visual in-
spection. 
In order to expedite the orders a system is used 
vrhereby the paper work is re-routed. That is, as each de-
partment finishes their specified operation the work orders 
are fed back to the production control deuGrt~ent. This 
sc:rves the purpose of informing the uroduction control de-
partment as soon as each specific phase of the order has been 
comoleted. Then, f ino.lly, a copy of the shi ppinE' notice in-
forms them that the order has been shipped. As ree;ards the 
final shipment of the order there is a clause in the contract 
whereby there may be less shipped than the actual specified 
amount. For instc'.nce, if an item is damae;ed in manufacture, 
rather than hold up the whole order the customer is sent the 
order less tha.t one. The charge, ho;;ever, remains the same 
s.nd the damaged part is usually sent to the repair denartment 
and sent along on a back order. 
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X Sunmary and Conclusions 
The previous chapters have been so presented as to 
depict in their very procedures the intracacies and complexities 
of the many problems which are inherent in a job-order she:;>. 
Since these problems are a part of this type of industry 11 oer 
se", they cannot be eliminated. Therefore, it becomes the duty 
of the oroduction control department so systematize those 
problems '.-rhich are component parts of this type of oroduction. 
In a way of recapitulation I have taken esch of these proced-
ures as they W3re presented subjectively in the previous chap-
ters and I have extracted from them a set of objective prin-
ciples which serve as key marks of distinction in diffenent-
iating a job comoany from the c:mventional continuous process 
company. They are as follows: 
1. Forecasting-In a job-order shoo forecasting 
can only be pursued on an economic scale, since production can 
be measured only after orders are received. Consequently, it 
is best to attempt to estimate what overall production will 
be for the industry or for the community as a whole. The same 
holds true for forecasting sales. Based on a co"'parison of 
their own prices with competitive prices for similar products 
a future sales forecast can be pursued with some success by 
the job company. Again, as in the production estimate, the 
sales forecast must be based on an overall view. 
2. Product Development-Since prospective cus-
tomers go to job-order shops in search of a soecial project, 
naturally they are willing to pay higher prices. In order to 
compete for these prices it is necessary to be able to give 
the customer whatever he wants. Because of this it is ob-
vious that the product development e;roup is extremely vital 
because they must be able to convert a customers general ideas 
into a specific product. Forced ideas present themselves 
daily. Consequently, we may say that without a hi3hly soecial-
ized product development department a job-order shop cannot sur-
vive since their very being is to handle specific customer wants. 
3. Pre-planning-There are many new forms introd-
uced in a job shop and because of this the administrative and 
clerical exnense is a greater percentage of ov:rhead than in 
a orocess shop. Since each order is separated a comolete new 
set of papers must be made out for every one. By the same 
token each ord3r must be routed separately. In making out 
the route sheet the lo9.d of every machine must be "::no1•m and 
its caoabili ties. In a process company this 1·1hole pr-ocedure 
would be automatic. 
4. Purchasing-Tne ourchasing function is one of 
the biggest differences to be found in comparino: a job shoo 
with a process shop since the need for material is not noticed 
until an order comes in. Then the specific qua.nti ty C~ust be 
nurchased with an extra outlay of money for additional oarts 
to comoensate for waste and spoilage. The determination of 
the total Quantity to orner must be carefully weighed. An-
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ot"':·~r most ill'norte.nt function which requires relentless atten-
tion is excediting. A rreat deal of time was devoted in the 
section on purche.sing to bring tb..at fact out. It carnot be 
ov2remphasized. The ···1hole production run of an order ccm be 
held u ·, if m9.teria.ls are not e.vailable. Consequently, sue-
pliers must be continuously expedited until the goods are re-
ceived. A final problem is that of inventory control. In a 
job company this function is more complicated than in a pro-
cess coml)any. Althoue;h the volume may not be as great as in a 
Drocess company there is a much e:;reater variety, Emd erester 
variety means locating s.nd evaluatins additional sources and 
placing o.nd exoedi ting many more smaller orders. 
5. Schedulin£:_-Scheduling in a job shoo involves 
many comnlex considerations. That is, nothint' can be stand-
o.rdized. There is no steady flow of materi1:ls, each cart may 
follow a different path from operation to opera.tion, an:J the 
time cE.n only be aoproximated. Consequently, schedulin:: must 
be flexible since interru~0tions are frequent. Coupled to this 
situation of numerous interructions is the time limit. ~n 
order is scheduled accordinr:; to a date pro:nised to a customer 
and de ScJi te the uneven fl0\'1 of production it is the resnon-
sibility of the scheduling decartment to meet this schedule 
date. Because of the imnortance of time the dispe.tching and 
follovr-up functions, which may be handlsd by clerical assist-
ants in a process comnany, are specialized functions in a 
job shoe because of the necessity of getting orders throuGh on 
time. 
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6. Quality Control- A distinctivs feB-ture of qu'llity 
control in the j::Jb comu 0 ny a.risccs fr::Jm the ft?.ct th.~ct evsry or-
Jer is Jiff"erent. Job com::Janies must be c:mtinuously setting 
ne'.'l que.li ty standards since they are c. lwc-.ys recei vine: new j ::Jbs. 
An0ther distinctiCJn liee in the feet that 9 j;b co!Ytnny is 
n0t oble to emuloy such tim~ saving devices BE stotistical 
quality control or inspection 0n a samnline: bPsis to a ~Zreat 
extent becD.use there is dat?. available from nast ex:Jerience 
on 1·1hich to plan the insuectiCJn procedure. However, once the 
quality stcmdards have bsen set the ':lrocedure is bB.sica.lly 
similar to that emnloyed in a process company. 
7. Cost Accounting - The c0st accountinf: procedure 
in a job company ca.n be easily distinguished from the.t of a 
nrocess company sines they differ in every respect. In the 
job com,-,any a seoerat'" cost sheet must be kept for each in-
dividual order tCJ which is ,-,osted each c0st detail. T3is poses 
a great deal more uroblems and clerice.l worlc. Also, in the 
job c::Jmoany, cost and selling urice must be determined from 
the cost 0f simila.r producte ·oroduced in the oast since each 
order is new and consequentl_v different. Fine.lly we mn.y say 
that costs may only be estimated in a j0b comoP.ny. This brings 
up the oroblem of excessive cost. If the estimated cost is too 
low management must take the loss since th"' excessive cost will 
not be known until after the job is completed. 
In closing I might add thet tbe foregoing prin-
cinles he.ve been broup·ht fCJrth in •Jrder tCJ r~ive advice to 
tcwse 1'lho contemplate manufacturing a product which must be 
produced in job-lots. Before these men enter business it 
would be to their advantage to become familiar 1-li th these 
principles and apply them according to their perticular needs. 
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